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with Mr. G. A. Beane 1V, AFWAL/POSL, as Project Engineer.
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SUMMARY

The objective of this program is to improve upon the purification
process and additive replenishment package, developed in an
earlier program (Technical Report AFAPL-TR-78-50), for reclaiming
used synthetic turbine engine oil meeting MIL-L-7808G specifica-
tions. The program is also to demonstrate the effectiveness of
the total process by successfully reclaiming 12 batches of used
synthetic oil representing a variety of MIL-L-7808 compositions.

Base stocks formulated by five different manufacturers were
selected for MIL-L-7808H testing using MRC's proposed additive
package.

Conditions were established for optimizing a sodium hydroxide
distillation followed by barium hydroxide monohydrate treatment.
The use of clay and activated charcoal was found to provide no
distinct performance advantages over nonuse.

Ten-25 gallons large scale batches were reclaimed and reformulated.
These o01ls were evaluated with MIL-L-7808H tests with good results.
However, none of the ten batches completely passed all tests.

An extensive used oll screening method was found necessary to iden-
tify samples contaminated beyond reclaimability.

A cost analysis of the process was carried out.
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.. INTRODUCTION

The re-refining and reuse of petroleum base oils has been a
successful standard practice in railroad, automotive, and air-
craft industries for many years. More recently, the reclamation
of synthetic aviation oils has proven successful in those applica-
tions involving a specific and known formulation. However, this
1s not representative of normal U.S. military aircraft operational
experience where numerous brands of specification products con-
sisting of widely differing base stocks and additive packages are
normally mixed in service. An estimated total of up to one half
million quarts of used ester based oils are generated each year
and could be collected for reclamation. Reclamation of these

cils for reuse in military aircraft turbine engines represents a
significant potential source of supply in the event of serious
availability problems. Furthermore, reclamation could offer a
significant cost savings if the technique developed is also
economical and technically effective. Currently available infor-
mation suggests that the ester base stocks are not significantly
degraded during use. Therefore, there is potential for recovery
of large portions of the used oils.

An earlier program, described in AFAPL-TR-78-50, demonstrated the
potential feasibility of recycling used MIL-L-7808G oils to a
satisfactory performance level.

The objective of this program is to improve upon the purification
process and additive replenishment package described in AFAPL-TR-
78-50, and to demonstrate the effectiveness of the total process
by successfully reclaiming 12 batches of used synthetic oil
representing a wide variety of MIL-L-7808 compositions.




2. SUMMARY OF THE FIRST OIL RECLAMATION PROGRAM

A process for reclaiming of a used synthetic turbine engine oil
meeting MIL-L-7808G specifications was developed. Techniques for
characterizing new and used 7808G oils were developed and applied.
The components of a reclamation process were defined and the
technical feasibility of the process was established.

Two additive packages developed for use in diester/triester base
stock mixtures showed considerable promise.

A cost analysis of the process indicated that a continuous batch
reclamation process at the 5000-gallon batch size would be cost
effective.

Details of the first oil reclamation program can be found in Tech-

nical Report AFAPL-TR-78-50, "Reclamation of Synthetic Turbine
Engine 0Oil Mixtures."
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3. RESULTS AND DISCUSSION

The object of this program is to further improve the reclamation
process developed earlier (summarized in Figure 1), define the
variables within the process, verify the additive replenishment
package, and demonstrate the effectiveness of the total process
by reclaiming 12 batches of used synthetic oil to MIL-L-7808H
specifications.

3.1 USED OIL CHARACTERIZATION

To determine how widely properties vary between used oil lots and

to decide under what conditions some lots should be rejected for
reclamation, Aero Propulsion Laboratory (APL) furnished us with

15 different used o0il lots. Each lot was examined and characterized
(See Appendix C for analysis procedures) by gas chromatography

(GC), high performance liquid chromatography (HPLC), infrared (IR)
analysis, and acid number. Table 1 lists the quantities and acid
numbers of the 15 used o0il lots received.

3.1.1 Infrared Spectrophotometry

Infrared (IR) analysis was performed on filtered and dried samples
of the used oils to see if any gross differences were observable
which would interfere with reclamation.

Examination of the IR spectra of used oils 0-79-01 through 0-79-15
and a diester base stock (Figures 2 through 7) show that all are
quite similar and made from mixtures of both diester and triester
type base stocks. All 15 oil samples show characteristic absorp-
tion at 1350 cm ! for the diester and at 720 cm ! for the typical
triester. 0Oils 0-79-03, -04, -05, and -09 show absorption at
about 1100 cm !. This absorption is quite strong in 0-79-05 and
is present to a lesser degree in samples 0-79-03, -04, and -09.
The remaining oils show absorption in this area to a still lesser
degree. This absorption is no doubt associated with the C-0-C
bond in the ester, and its shape is influenced by the type of
acid structure 1n the ester.

The IR spectra for all these oils suggest they are composed of
di and tri esters, the diester portion being quite similar to the
di~2-ethylhexyl azelate virgin base stock shown in Figure 7.

3.1.2 Gas Chromatography

Gas chromatography (GC) was also used to characterize the used
oils. The chromatograms of the 15 used oils are shown in

Figures 8 through 15. Also shown (Figure 16) is the chromatogram
for a commercially available diazelate base stock. The major
component of this base stock, which elutes at ~29.22 min, and the

WP GNP PTG D S P P PP W S PRI A S IR N Sy U O TS PV U S Y Yot ST 1




Separste Ligud
Phases if Present

Distitl ot 15 mm,
180 - 285 OC

Treat wth 2 Wt S

CNOH\Z MRT 1B hrs,

Aad Filtes AiC anc Filter

Treat with S Wi s
fuller's Eartn, 50 OC/] hr,

Filter

Trest with S Wi s
Charcoal, 709C/3 hr.

Aaditive Package ——==]

Fitter

Heat ¥ 80 OC and Coo!

Figure 1.

Filter through 10y Filter

ST ——

filter, 10y P Digcard Particulate 8nd Siudge <0.5 9%

p—e= Discard Insoludie Phase

p——e= Discard Resioue, 15 - 30%

Reciaimed Ot

first program.

Reclamation process,

mriale ata martaNo e aw_a J

b



Leea o an e e dad

TABLE 1.

ACID NUMBERS AND QUANTITIES OF OILS

RECEIVED FROM APL

01l Quantity, Acid
number gal number
0-79-01 35 0.42
0-79=-02 55 0.47
0-79-03 ~35 0.43
0-79-04 ~35 14.45
0-79-05 ~35 23.78
0~79-06 55 1.02
0-79-~07 ~35 1.09
0-79-08 55 1.15
0-79-09 55 0.65
0-79-10 55 0.64
0-79-11 55 0.88
0~79-12 55 0.52
0~79-13 55 0.63
0~-79-14 55 1.50
0-79-15 55 1.72
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DD Wi

I — -
WAVRBEOW IO
" Al " + (3] ¢ as 14 L [ (] " " " " .
E_,__.._,_,,-ﬂ. —— . P Ry g Ty e e v — yp———T
- UG U UV P SIS SV PNE SE S SRS -
\ v | . ' .
.T.aq P ST N ' ..I.u.,ﬁ*_.u.t..;..wL_..,..,A,-, o et et e e
- —— e -

T . SIS Y USUN S SIS SURN WP SIS

) ! . ;
1- . | » < e e — [ ol LR =)

IR S T e
2 b e e = o ey et o e e —— y — ; PR Y

. R B e it S T D S Rl i
LY I, . [

. | i [P DU P SIS S Y
. + - - ; " PR— + L - . .

N ! : | ; .

Lf ‘- _4--f ...4,.-”1_._._.. B e _T—#-V—-.L_.vi—».»."-l-—o-«,_ - »—41**— ...¢-4—+—7j
) [ [TS T T O I - SO TP W ST R D Lo Lo al 1oi °
e J yomo roo0 - re00 ) e ) - [

— e v .- — wivesum ta: BN — r——— . —— | a— b -
0~79-~13
WARENCT & mCON
" ) 1 « “ s vs . o [ TR . [Tt w o
r " LaEn T T T T T T T T T T T 1
- H ' : — ‘ I . , .

[P WS 4—&--—{ R s e t——o————%»-‘-.‘_——._. g e e 4
w - - . | G, M R

._«\s.’;_/;:‘_—\t..- ’ T e e— _— Pl S TE TSP 4
w > — + - —

. i : ! !

I it o Rt S e B e R R B

L] ‘ .

T T BN
DR B HOD S S

o
r e e e et —— ———— ot e b
» - 1
' - _— - -—{ S SR U 4
oo - - +
. fmed e o —— e e .
® e dm e -y : i
RO | O P
o — e w_.__‘ -
' *

- —— e e e — — ey e e d — e ke M e e B T i R
. . R I
[l o e i e o —— S S D B el bt S
: ' ; P , e S
K A e b s o dac 4 Al 4z i Al " i °
o o0 00 900 v e 1008 00 o0

—— —— - — wsveL e — — . —— a—0a -

LR . . 4 LETI ] e v () .

=TT ™Y T A ¥ \ T 1
[ - L

RPN R e e e e e 4

PR ]

. ———

FR P G . (O R A —_—
e et b g e e
! a—r e -— b g e 4
W —————— e - o
T ot [ Rt
e A e (b ——— e
. . ey = [ R, —_
e e (R QI PGS SOV PUbp—
| [ P R
M v e e o A e a et —t —a

L e e e —

—_— A
Y (G QUG e S by S G N N S e e e j
o b B i VW i i s d . e dabh Bk N

B e “svounan ca OB — — i —— -

0-79-15

Figure 6. Infrared spectra of used o1ils.

- Y PR T W W W P Py

a LLL‘L—-J




.........

.
’ ’r 8 . L )
—~——y ¥ U [T

“‘T'*'T']TTr vvJ'vv‘

j—-Tj_l LNL.LJ- -t

—y—
i

. ‘f“
——

et I e

]

v i . 1 i
B SIS O S B
i — — L i
I
; L ks Sy Saut s
. i | PRI S
n;——.—- ' 1' I b —_— i‘ j' ¢1
—t —— v ———d - - IR T i WS S
S fr*t*}*f4 |SanE
ot e l. enr 1600 10 L] o

— S e e @ W Tavpmamp (e s p——— oY oA L 2

Figure 7. Infrared spectrum of commercially available
di-2-ethylhexyl azelate base stock.

minor peaks at ~20.54, 22.76, 24.83, 26.85, 30.62, 32.4, and
34.07 min are seen in every sample of used oil that has been
analyzed. All analyzed oil samples show peaks corresponding to
those of the commercial diester but in varying concentrations.
These o0ils are apparently based on mixtures of several components,
some of which are quite high boiling in all the samples, but par-
ticularly in 0-79-03 ,-05, and =-04.

Such close similarities exist between o0il samples 0-79-01,
0-79-07, and 0-79-08 that they may be from the same base stock.
0il samples 0-79-09, 0-79-10, 0-79-11, 0-79-12, and 0-79-13,
showing only minor differences, are very similar in composition
to each other. Peak analysis of possible diester components
suggests that in oils 0-79-03 and 0-79-04 approximately 48% of
the composition is due to diester; in 0-79-01, 0-79-07, and
0-79-08 diester comprises approximately 70% of the composition.
Of the remaining ten oils approximately 45% of the composition
is due to diester.

3.1.3 High Performance Liquid Chromatography

Samples which were used for gas chromatographic analysis were
examined by high performance liquid chromatography (HPLC) to
detect aromatic additives and breakdown products and to establish
patterns, if any, for the used oils.

Basic patterns emerged, showing many similarities between all
oils. Samples 0-79-01, -02, -06, -07, -08, -10, =-11, =12, =-13,
-14, and -15 are very similar. Sample 0-79-03 is unique in that
its gross appearance is that of an almost unused oil. Samples
0-79-04 and 0-79-05 are similar, showing high concentrations of
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1

cresols. Note that these two oils had very high acid numbers,
possibly attributable to the high cresol concentration at approxi-
mately 24+ min. Sample 0-79-09 is also unique and not readily
comparable with the other 14 oils. Representative chromatograms
of each group are shown in Figures 17 and 18. Chromatograms of
all the used oils are provided in Appendix D.

3.2 OIL CHARACTERIZATION

Six new oils, ATL 9118 through 9123, supplied by AFAPL represent
new MIL-L-7808H that could ultimately be found in current used oil
mixtures. These new o0ils were analyzed by HPLC and GC. Among

the six oils, only four patterns were seen.

Three o0ils showed the same HPLC pattern: ATL 9118, 9119, and 9121
(the pattern is represented in Figure 19). They have peaks with
the same retention times (rt's) as 4,4'-di-octyldiphenylamine
(DODPA) or triphenyl phosphite (TPP), approximately 9.5-10 min;

a peak corresponding to the rt's of 3,7-dioctylphenothiazine or
N-phenyl-o-naphthylamine approximately 12.0-12.5 min; and a group
of peaks corresponding the rt's of tricresyl phosphate and other
cresols, 24.0 to 26 min. Sample ATL 9123 (Figure 20) has an addi-
tional major peak that corresponds to the rt of phenothiazine,
approximately 15.7 min.

Samples ATL 9120 and 9122 (Figure 21) have certain identifiable
peaks and, as of yet, major unidentified peaks. Many of these
additive peaks are seen in the used oils also, but absolute iden-
tification was not completed.

GC's of the new o0ils are presented in Figures 22, 23, and 24.
Molecular weight distribution in ATL 9118 and 9121, also between
9120 and 9123, would suggest possibly the same base stock components.

Throughout this report, the following designations will be used

for oils at various stages of reclamation to more readily indicate
the state in the reclamation process for any particular sample and
eliminate the necessity for lengthy identification of each sample.

Designation Sample description
Used oil 0il as received from AFAPL.
Reclaimed base stock Oil that has been processed, no

replenishment of additives.

Reclaimed oil 0il that has been processed and
additives replenished.

21
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3.3 ADDITIVE PACKAGE VALIDATION

To validate our proposed additive package, GC's were run on six
new o1l samples supplied by APL, representing various manufac-
turers. Gas chromatograms labeled ATL 9118 through 9123 are seen
in Figures 22, 23, and 24. From these chromatograms, we were able
to select five base stock blends (without additives), supplied by
various manufacturers and APL, that closely resembled the new

o1ls with which to validate MRC's additive package.

3.3.1 Selection of Base Stocks for Use in Additive
Package Validation

The following MIL-L-7808 type base stock and base stock blends were
received from manufacturers:

Stauffer Chemical Company ~10 gal 7808H
Hatco 5 gal 7808H
Royal Lube 10 gal 7808H

ATL 9148 (from APL)
ATL 9149 (from APL)
Rohm and Haas

gal mix of polyols

gal mix of diesters and polyols
gal diisooctyl adipate

gal diisodecyl adipate

gal di-2-ethylhexyl azelate

gal trimethylol propane triester
gal 5-cst polyol ester

gal Herculube 401

Emery Industries

Gmocuvuroutotoon

Hercules

Figures 25, 26, and 27 show gas chromatograms of these base
stocks. Figure 28 shows a base stock formulated (1:1:1:1 Royal
Lube/Emery 2958/Emery 2932/Herculube 401) and tested with the
additive package from the previous program (F33615-76-C-2037),
from which a gas chromatogram was not run at the time. Sample
1558834-2A (see Figure 29) represents another, similar sample
which was also tested on the prior program.

Our 1initial tries at blending for viscosity requirements
(Figures 29 and 30) show that GC patterns of tlended base stocks
somewhat match some of the new oils supplied by APL. By using
76.9% Plexol 244 (diisooctyl adipate, Rohm and Haas) and 23.1Y%
Plexol 273 (diisodecyl adipate, Rohm and Haas) a pattern similar
to those of o0ils 9120 and 9123 was produced. A combination of
85% Emery 2958 (di-2-ethylhexyl azelate T“mery Lubricants) and
15% Emery 2932 (trimethylol propane triester, Emery Lubricants)
gave a pattern somewhat similar to those of oils 9121 and 9118.
92.6% Emery 2958 and 7.4% Emery 2939 (a 5-cSt polyol ester),
produced a chromatogram similar to that of new o1l 9119.

From these data we formulated and tested five additional base
stocks with our additive package: ATL 9149, ATL 9148, Stauffer
base stock, Hatco base stock, and a base stock of Plexol 244 and
Plexol 273 (see Figure 29). They represent a wide variety of base
stock formulations and seem to represent most of the used oils we

have received and many of the new o0il formulations we have examined.
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3.3.2 MRC's Additive Package Added to Selected Base Stocks

The 3,7-dioctylphenothiazine (DOPTA) used in the earlier program
was replaced with phenyl-a-naphthylamine (PANA) since DOPTA is no
longer produced in the United States. We also wanted to deter-
mine if the additive had a singular effect on the foam testing of
a formulated base stock. Royal Lube base stock was formlated
with all of the additives minus PANA and exhibited a foam volume
of 5 mL. The formulated base stock with PANA had a foam volume
of 45 mL. Additional testing of this base stock with PANA gave
similar results (40-45 mL foam volume).

when informed of this foaming problem, the manufacturer provided
a new supply of PANA, which produced a foam volume of 15 mL.
This newer, cleaner appearing PANA was used to formulate the
virgin base stocks.

The five selected virgin base stocks (Hatco, Stauffer, ATL 9148,
ATL 9149, and Plexol) were formulated with:

.0% DODPA (dioctyldiphenylamine) - Van Lube 81

.0% PANA (phenyl-oa-naphthylamine) - Uniroyal

.0% TCP (tricresyl phosphate) - Kronitrex AA FMC
.1% Ethyl antioxidant 703 - Ethyl Corp.

.1% TPP (triphenyl phosphite) - Eastman

.1% Benzotriazole - photo grade -~ Sherwin Williams
.05% Quinizarin (GAF - purified)

OCQOOON KK

These o0ils were sent to Alcor for specific testing. They were
evaluated in the following sequence to allow detection of the
most common modes of failure.

1. Total acid number

2. Static foaming characteristics, test method 3213
3. Viscosity at -65°F, 100°F, and 210°F

4. Lead corrosion

5. Corrosion and oxidation stability, 96 hr at 392°F
6. Dynamic foaming characteristics

7. FA elastomer compatibility at 347°F

8. Gear load carrying rating (one gear,

two determinations)

9. Silver and bronze corrosion
10. Deposition number

The results of these tests are included in Appendix A of this
report. MRC's proposed additive package in the five selected
base stocks had met all test specifications except the static
foam test in one of the base stocks furnished by APL. A com-
parison of the MRC versus Alcor static and dynamic foam test
results on the five formulated base stocks (see Table 2) suggests
that the static foam volume of 115 mL for oil 1732509 (ATL 9149),
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1s only a marginal failure. Another o0il (1732511, Rohm and Haas),
though not out of specifications as far as corrosion and oxidation
stability (96 hr at 392°F), did exhibit high magnesium corrosion
and oxidation values.

Effects on acid numbers, viscosity, and foam volume of the same
additive package in various MIL-L-7808 fluids, produced by unigue
manufacturing processes, are seen in Table 2. The base stocks
received from AFAPL seem to be much more affected by the formula-
tion process than the commercially available virgin base stocks.
The cause of this effect on the APL base stocks is unknown.

The 1interaction on PANA with the APL-supplied base stocks may
contribute to the higher than normal foam volumes. After the
virgin base stocks had already been formulated, PANA from another
supplier arrived for testing. Table 3 compares test results for
PANA from Union Carbide and from Uniroyal; both produced equal
response. The data suggest base stock interaction with the addi-
tive package, specifically with PANA.

TABLE 3. COMPARING FOAM TEST RESULTS PANA FROM TWO SUPPLIERS

MRC's Foam test volume, mL
additive Royal lube ATL 9149
package with base stock base stock
Uniroyal PANA 15 115
Union Carbide PANA 25 120

3.3.3 Effect of Additive Package on Viscosity

From the previous contract, an increase in viscosity was expected
from the addition of our proposed additive package to base stock
oils. Results were much more sporadic than expected. These random
viscosity increases (see Table 4) fall into distinct patterns,
making future viscosity increase predictions much more difficult.

TABLE 4. VISCOSITY INCREASES DUE TO ADDITIVE ADDITION

Percent increase when
viscosity measured in cSt at

-20°F 100°F
ATL 9149 16.9 3.0
ATL 9148 17.0 Pattern 1 3.6 Pattern 1
Rohm and Haas 27.6 10.
Stauffer 22.9 Pattern 2 8.0 Pattern 2
Hatco 7.6 Pattern 3 0.4 Pattern 3
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{ 3.3.4 Chromatograms of Additives 1in Base Stock

a Chromatograms of MRC's additive package 1in Stauffers base stock
u’ are shown in Figure 31. All the high performance liquid chromato-
s grams of the formulated fluilds tested by Alcor are the same. The
gas chromatograms of the formulated fluids are duplications of
those for the base stocks without additives, although PANA does
appear at 18.24 min in each chromatogram.

3.3.5 Estimated Additive Shelf Life

According to their manufacturers, the additives contained in MRC's
additive package have different shelf lives. DODPA and PANA
should be tested yearly; quinizarin and ethyl antioxidant 703
should not be used if stored over 2 years; and TCP, benzotriazole
(BT), and TPP are unaffected by storage.

3.4 DISTILLATION STUDY

Distillation ideally should be included in the early part of any
reclamation process to remove any low boiling material (water,
toluene, etc.) and major contamination such as degraded additives
and polymeric esters. Removal of the major contaminants insures
lower effective absorbent treatment levels in subseguent process
steps.

3.4.1 Distillation of Neutralized Used 0Oils

In the earlier program, a straight takeover distillation was per-
formed. 1In the current program, a literature search revealed a
paper on commercial oil reclamation which suggests that treatment
of oils with metallic sodium prior to distillation reduces the
formation of nondistillable impurities {1]. The metallic sodium
also reacts to form nondistillable compounds with some degradation
products. Since any water of low boilers would normally be
removed during the topping step on distillation, it was felt we
could add aqueous or alcoholic caustic solutions to the oil prior
to distillation and possibly achieve the same effects. During
this study, sodium hydroxide (NaOH) at 5% volume dissolv~d in
water/isopropyl alcohol (1/1) was added to the oil just ; ~“or to
distillation. The amount of NaOH added to the o0il was ba. B!
the stoichiometric amount (or proportions thereof) necessa., to
neutralize the acid number. Figure 32 shows a graph comparing

the effects of varying the percentage of NaOH on the acid numbe:
of the 2nd (main) and 3rd (secondary) fractions. The samples were
distilled under the same conditions and cut-off points. 01l 0-79-14
was used for this experiment. Acid numbers of the same o0il dis-
tilled without NaOH treatment are presented with the graph.

[1] Reynolds, J. W.; Whisman, M. L.; Brinkman, D. W.; Goetzinger,
J. W.; Cotton, F. O. "From 011:011," Chemtech, October 1979.
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Because of improved acid numbers and obvious visual improvements
in color, additional studies were warranted.

Two samples of a mixture of all 15 o0ils in the volume proportions
received (see Figure 33 for HPLC and gas chromatograms) were
distilled, one treated with sufficient NaOH to effect total neu-
tralization and the other without treatment. Samples were taken
throughout distillation for analysis. Figure 34 shows results for
the mixture distilled without caustic treatment and Figure 35
gives the corresponding results for the mixture treated with NaOH.
The circles represent vapor temperature vs. acid number and the
squares represent cumulative percent recovery vs. vapor
temperature.

There is virtually no difference between the plots of cumulative
recovery vs. vapor temperature, suggesting there i: no deleterious
effect on recovery by NaOH treatment. The acid number data show
significant dif‘erences. The total amount of distilled material
having low acid numbers is much greater in the NaOH treated sample.
These lower acid numbers may mean that less postdistillation
treatment will be required. This plot might also be used as an
accurate means of determining a proper distillation cut-off point.
HPLC analyses show no differences between the treated vs. non-
treated samples. The treated samples were lighter colored, having
fewer visible degradation products present. Thin layer chromatog-
raphy (TLC) analysis did show removal of additional material from
the NaOH-treated samples.

3.4.2 Analysis of Distilled Neutralized Used Oils

Various analyses (GC, HPLC, acid number, and foam testing) were
performed on o0il samples distilled with and without NaOH treatment.
A GC comparison of three equal (vapor temperatures) points on the
recovery curves (Figures 36-38) showed no differences between the
treated and nontreated samples. HPLC comparisons of combined
distillates in the same vapor temperature ranges are shown in
Figure 39. No differences are seen. These combined samples were
foam tested and acid numbers were run with the following results:

Foam
volume, Acid
mL number
1568887-A 15 1.40
(156882 mixed fractions 3 through
11, distilled with no NaOH)
1568887-B 10 0.35

(1568865 mixed fractions 4 through
11, distilled with NaOH)
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Acid number was significantly improved by this treatment. Results
show that NaOH (caustic) treatment does not adversely affect the
combined distillates. In fact, the data suggest that such treat-
ment improves acid number, color, and odor, and may eliminate some
portions of posttreatment.

3.4.3 Substitution of Other Basic Material for Sodium Hydroxide

Because results of distillation with NaOH were so promising, we
sought a more practical substitute. Since calcium hydroxide
[Ca(OH), ] can be added as a powder, its use would save total
process time and energy. When Ca(OH), was substituted, however,
a solidified rubbery gel materialized in the still at 320°C, with
a residue level of 13% of the original o0il volume. These dis-
appointing results terminated the study.

Other quantities of the mixture of the 15 used o0ils were distilled
with NaOH/methanol, sodium carbonate, magnesium oxide, and a com-
bination of 75:25 NaOH/methanol and magnesium oxide. Comparisons
were made with previous distillations of NaOH/water:isopropyl
alcohol. Figures 40 through 43 contain graphs showing acid number
vs. vapor temperature vs. cumulative volume percent of these dis-
tillations. HPLC's of distillates in the same vapor temperature
range are shown in Figures 44 and 45. Examination of all data
indicates the following decreasing order of effectiveness:

NaOH/methanol (Figure 40)

NaOH/methanol with magnesium oxide (Figure 41)
Magnesium oxide (Figure 42)
NaOH/water:isopropyl alcohol (Figure 35)
Sodium carbonate (Figure 43)

Vb WN

3.4.4 Comparison of NaOH Distillation of Used 0il and New 0Oil

Virgin oil containing MRC's proposed additive package was dis-
tilled with and without NaOH treatment to examine the distillation
process with completely known additives. High performance liquid
chromatograms (HPLC) of two selected distillate fractions, at the
same vapor temperature range, are shown in Figure 46. It can be
readily observed from the chromatograms that NaOH had removed
material from the distillate. Thin layer chromatography studies
of the same distillates confirmed the HPLC results. A typical
chromatogram (HPLC) of MRC's additive package in a virgin base
stock is shown in Figure 31.

Plots of acid number vs. vapor temperature vs. cumulative percent
recovery of the virgin oil discussed above are shown in Figures 47
and 48. These two figures reemphasize the decrease in acid number
with no deleterious effects on recovery by NaOH distillation.
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3.4.5 Scaleup of Selected Distillations to 13-Liter Quantities

Results from previous small-scale (300-mL) distillations using
various basic materials added to used oil warranted scaleup to
13-1liter batch distillations with NaOH/methanol, 75/25 NaOH/
magnesium oxide in methanol, NaOH/isopropyl alcohol:water, and
regular distillation. Tables 5 and 6 summarize the intended and
actual distillation conditions of the four batches. The intended
distillation conditions listed in Tables 5 and 6 should be com-
pared to prior distillation studies shown in Figures 34, 35, 40,
and 41. Intended conditions were chosen by expected acid numbers
and quantity recovered. The differences between the two sets of
conditions were partially brought about by unfamilarity with the
larger scale equipment, and by the extension of the distillation
time (2 hr to 7-9 hr) caused by distilling larger oil

guantities. Even with scaleup, and startup difficulties, NaOH
distillation still improves acid numbers.

From these experiments, we produced sufficient quantities of dis-
tilled o0il for adsorbent and other studies.

3.5 USE OF CALCIUM HYDROXIDE TO LOWER ACID NUMBERS

Our reclamation process will have to lower acid numbers to a level
in which attapulgus clay is most effective in meeting MIL-L-7808H
specifications. Data from earlier work in this program, described
in Section 3.6, suggested the use of a slurry with sufficient
Ca(OH), to neutralize the acid number, but data from distillations
with acid numbers around 0.50 or less did not support this idea.
Results of a study initiated to determine the necessary level of
Ca(OH), are presented in Table 7. The data generally indicate
0.2% by weight Ca(OH), as the minimum amount, unless a high acid
number requires a larger amount for neutralization. In some
instances treated samples of the same distillate do not have com-
parable acid numpers, but the numbers are still sufficiently
lowered for reformulation. For our process, we will use a minimum
of 0.3% by weight of Ca(OH),; The maximum will be the amount
necessary to neutralize larger acid numbers. The time required to
slurry the Ca(OH), will be determined individually for each batch
reclaimed in the pilot plant, and the resultant data will enable
us to determine a minimum slurry time.

3.6 ADSORPTION TREATMENT STUDY

Another part of our reclamation process will be an adsorption
treatment to remove surfactants, trace metals, and other material
that distilled over and was not removed during Ca(OH), treatment.
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3.6.1 Slurry Treatment

01l samples from the main distillate of the used o0il distilled
with NaOH/methanol (RF N/M = reformulation fraction NaOH/methanol
distillation), were slurried at twe different temperatures with
elght adsorbents at 10% by weight to 0il. Samples were also
slurried with Ca(OH), and magnesium oxide (MgO) at various concen-
trations to maximize lowering of the acid number. Oil slurried
with 0.5% by weight Ca(OH), was also slurried with bleaching clays
for examination. Table 8 summarizes the adsorbent study scheme.
Table 9 summarizes thin layer chromatography (TLC), high per-
formance liquid chromatography (HPLC), and acid number analyses
of the distillate treated with bleaching clays at two different
temperatures (70°C and 150°C) to determine minimum treatment tem-
perature. The data in Table 9 suggest the use of attapulgus

or fuller's clay for additive/degradation product removal at 70°C.

Acid number lowering of the dictillate with basic material was
examined and the data are shown in Table 10. HPLC and TLC results
indicate no differences in additive/degradation product removal by
varying the basic material level or between Ca(OH), and MgO. Data
indicates use of Ca(OH), as most effective in lowering the acid
number.

In another study, the RF N/M distillate was treated with 0.5% by
weight Ca(OH), and then slurried with bleaching clays at 70°C.
The data shown in Table 11 suggest the use of attapulgus or
fuller's clay for treatment.

wWhen acid number needs lowering, the data generated by this
adsorbent study suggest a slurry at room temperature for 16 hr
with the stoichiometric level of caustic to neutralize the acid
number, followed by a slurry with fuller's or attapulgus bleaching
clays at 70°C for 0.5 hour.

The adsorbent study scheme suggested by the data generated with
the RF N/M distillate, which will be used with the distillates
from the remaining three scaleup distillations is shown in
Table 12.

Data presented in Table 13, for main distilled fraction (MDF) from
NaOH/H,0 in 1isopropyl alcohol (IPA) distillation, suggest the use
of enough Ca(OH), to neutralize the acid number, followed by
treatment with fuller's earth. Data in Table 14 for MDF from
NaOH/MgO distillation indicate the use of the stoichiometric level
of Ca(OH), to neutralize the acid number followed by treatment with
either fuller's earth or attapulgus clay.

Data in Table 15 (MDF from no treatment) suggest slurry with the
stoichiometric amount of Ca(OH), to neutralize, followed by
reslurry with fuller's earth.
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TABLE 9. SUMMARY OF DISTILLATE TgEATED WITH
VARIOUS BLEACHING CLAYS

Acid No.
. Bleaching Clays Slurry heated Slurry heated
h 10% by wt. to 0il to 70°C to 150°C
Tonsil 200+ mesh 0.17 0.16
. Filtrol Grade 1 200+ mesh 0.24 1.77
o Filtrol Grade 20 200+ mesh 0.25 2.26
& Floridin 200+ mesh (Fullers) 0.14 0.09
1 Floridin reflinex (Fullers) 0.10 0.10
200+ mesh
Attapulgus 50/80 mesh LVM 0.17 0.10
Porcel 30/60 mesh 0.10 0.15
Attapulgus 30/60 mesh LVM 0.11 0.18
Thin Layer Chromatographyb
Slurry heated to 70°C Slurry heated to 150°C

Filtrol 1 Tonsil
Decgeasing Filtrol 20 ] + Floridin reflinex
remgdval of Attapulgus 30/60 Attapulgus 30/60
magerial  ponsil Floridin 200+ 0
All Fullers 0 Attapulgus 50/80
Attapulgus 50,/80 Filtrol 1 0"
Porcel - Filtrol 20
Porcel -

Clays rated + at 150°C are slightly better than clays rated +

at 70°cC.
High Pressure Liquid Chromatog;aphyb
Slurry heated to 70°C slurry heated to 150°C
6 clays 0 Attapulgus 50/80] R
Tecrpasind Filtrol 1 ] _ Porcel
matkrial Filtrol 20 4'C1ays 0
Filtrol 1 ] -
v Filtrol 20

Comparison of clays rated + at 150°C are equivalent to clays

Y
y
V.
.
1L
=
—
)
-
o

rated 0 at 70°cC.
.- 3Main fraction from NaOH/methanol distillation.
f' bSubjective test, with + meaning the greatest removal of material.
q
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TABLE 10. USE OF BASIC MATERIAL TO LOWERa
ACID NUMBER AFTER DISTILLATION

-‘ Ca(OH), as a base Mg0 as a base
iz Resulting acid Resulting acid
= Level of number of the Level of number of the
- addition treated oil addition treated oil

Stoichiometric amount 0.02 Stoichiometric amount 0.48

for 0.0 acid number for 0.0 acid number

(0.06% by wt. to oil) (3.0% by wt. to oil)

0.5% by wt. to oil 0.06 0.5% by wt. to oil 0.35

2.0% by wt. to oil 0.02 2.0% by wt. to oil 0.14

4.0% by wt. to oil 0.03 4.0% by wt. to o1l 0.10

aSlurry for 16 hours at room temperature; main fraction from NaOH/
methanol distillation.

bOriginal acid number before treatment: 0.52.

TABLE 11. SUMMARY OF DISTILLATESa SLURRIED WITH 0.5% BY WEIGHT
Ca(OH), AND THEN WITH VARIOUS BLEACHING CLAYS

Bleaching Clays

Slurried at 7G°C Acid No.
No Bleaching Clay treatment «0.09
Porcel «0.09
Attapulgus 30/60 +0.09
Attapulqus 50/80 0.00
Floridin (Fullers) 200+ <0.09
Floridin reflinex <0.09
Tons1l <0.09
Filtrol Grade 1 <0.08
Filtrol Grade 20 <0.09

High Pressure Liquid Chromatographyb

Decreusfing Attapulgus 5C/80

removall of Attapulgus 30/60 ~\t:::> almost equal
material Floridin 200+ (Fullers)

Remaining clays equal to or worse than o1l before treatment.

Thin Layer Chromatography

Tonstil +
Floridin reflinex ]
Floridin 200+ mesh] o+
Attapulgus 30,60
Attapulgus 50/80
Filtrol Grade 1 ] 9
Filtrol Grade 20
Forcel

AMain fraction from NaOH/methanol distillation.

bSub]ectLve test, with + meaning greatest removal of material
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TABLE 13. SUMMARY OF MAIN FRACTION DISTILLATE FROM NaGH/
WATER: ISOPROPYL ALCOHOL DISTILLATION TREATED
WITH VARIOUS BLEACHING CLAYS

Acid number ot o:l

Bleaching clays 10% by Acid number oil treated with U.5% by weight
weight slurried at 70°C treated with clav Ca(UH). and then with clayv
No clay treatment 2.18 TGun
Tons1il 1.47 ‘0.09 -2.1¢
Attapulgas 1.66 <0.09
Fullers (Floridin-reflinex) 1.18 <0.09
Filtrol 20 1.83 <0.09
Lowering of acid number with Ca(OH), Acid number
Quantity to neutralize acid no. (0.28%) <0.09
0.5% by weight Ca(0H), <0.06
2.0% by weight Ca(OH), <0.09
Mo difference in removal by changing Ca(UH), treat-
ment level by HPLC and TLC.
Thin Layer Chromatography
01l + adsorbents 01l + Ca(OH), + adsorbents
Filtrol 20 Tonsil
Decreasing Tonsil Fullers (reflinex)
removal of Attzpulgas Filtrol 20
material Fullers (reflinex) Attapulgas
Ca(0H)» + bleaching clays better than bleaching clays only.
High Pressure Liquid Chromatography
01l + adsorbents 01l + Ca(0OH), + adsorbents
: Attapulgas Tonsil
b. Decreasing Tonsil Fullers (reflinex)
removal of rullers (reflinex) Filtrol 20
material Filtrol 20 Attapulgas

Ca{0OH,., + Tonsil better than attapulgas alone.




Pl anath o 2 Nt

3 TABLE 14. SUMMARY OF MAIN FRACTION DISTILLATE FROM 75/25

- NaOH/Mg0O IN METHANOL, DISTILLATION TREATED

. WITH VARIOUS BLEACHING CLAYS

L

‘{!a Acid number of oil

S Bleaching clays 10% by Acid number oil treated with 0.5% by weight
',}- __woaght slug{led at 70°C treated with clay Ca(OH) 2 and then with clay

N> clayv treatment 0.35 <0.08
Tonel 0.12 «D.09
Failerol 20 0.18 0.11
rollors (reflinmex) 0.09 <0.09%
Attavulizas .13 <($.09
Lowerina of acid number with Ca(OH) > Acid number
Quartity to neutralize acid no. (0.042%) <0.C8C
C.5% by weight <0.08C
2.C% by weight <0.08&5

Nc difference in iemoval by changing Ca(CH)z treat-
rmernt level by HPLC and TLC.

Trin Laver Chromatography?

Cil + CalDH.2 + adscrtents

Tone1l Tonsil +
Decreasing Attapulgas same Fullers +
rermoval of Fullers (reflinex) Attarulgas 3
material Filtrol 20 Filtrol 20 -
Trzatment with Ca(CH)z + clay better than clay alone.
Hizh Pressure Liguid Chroratograrhy?
211 + adscrkernts Cil + Cally)2 + adscrrernts
Fullers (reflinex) Fullers {(reflinex:
Decreasing Tonsil Attarulgas
removal of Attagulgas ronsil
material Filtrol 20 Filtrol 27

Treatment with Ca(OH)z -~ clay slightly better than clay

alone.

a . . . :
Subjective test, with + meaning greatest removal of material.

~d
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TABLE 15. SUMMARY OF MAIN FRACTION DISTILLATE FROM DISTILLATION
TREATED WITH NO BASIC MATERIAL, TREATED WITH VARICUS
BLEACHING CLAYS

Acid number of o1l

Bleaching clays 10% by Acid number o1l treated with 3% by weight
weight slurried at 70°C treated with clay Ca(OH), and then with clay
No bleaching clay treatment 1.84 G.17
Tonsil 200+ mesh 1.24 0.24
Porcel 0.60 0.22
Fullers (Floridin-reflinex) 0.73 0.22
Attapulgas 50/80 1.40 0.17
Filtrol grade 20 1.43 0.17
Lowering of acid number with Ca(OH)., Acid number
0.5% by weight 0.22
2% by weight 0.17
Quantity to neutralize acid no. (2.1%) 0.17
3% by weight 2.17
4% by weight 0.16

No difference in removal by changing Ca(OH), treat-
ment level by HPLC and TLC.

Thin Layer Chromatographya

01l + adsorbents 0il + Ca(OH), + adsorbents
Filtrol grade 20 +
Fullers (reflinex) ——_ 0+ Tonsil +
Decreasing] Tonsil Filtrol grade 20 t:::=, 0+
removal of| Attapulgas 0 Fullers (reflinex)
material Porcel - Attapulgas Q
Porcel

01l + Ca(OH), + adsorbents better than oil + adsorbents.

High Pressure Liquid Chromatoggaghxa

01l + adsorbents 0il + Ca(OH), + adsorbents
Tonsil + Fullers
+
Cecreasing Fullers —0 Tonsil —
removal of Attapulgas Filtrol 20 ::::,
. ‘ 0
material Filtrol 20 Attapulgas
T -
Porcel Porcel ~

Oil + Ca(OH), + adsorbents = oil + adsorbents.

a . . . .
Subjective test, with + meaning greatest removal of material.

72

NP P P W S, P W AT G R P G I R S LT ULEP G I S T T YO W W SV WA VALY S GO ¥ YR S G G e g .|




A comparison of acid number, HPLC, and TLC data for the reclaimed
o1l from the four large-scale distillations suggests the follow-

1ng decreasing order of effectiveness for the additive/degradation
removal processes:

1. NaOH/MeCH - Ca(OH), slurry - attapulgus clay slurry

2. NaOH:MgO/MeOH - Ca(OH), slurry - fuller's or attapulgus
clay slurry

3. Either NaOH/H,0:IPA - Ca(OH), slurry - fuller's earth
slurry, or use of no basic material - Ca(OH), slurry -
fuller's earth slurry

We selected NaOH/MeOH - Ca(OH), slurry - attapulgus clay slurry

as a viable reclamation procedure on which to base our continuing
studies.

Previous studies had shown that attapulgus clay slurried in oil at
approximately 70°C was the ideal treatment for additive/degradation
product removal. We further defined the optimum slurry tempera-
ture through the use of HPLC, TLC, and acid number. Results are
presented 1n Table 16. The data show a wide range of temperatures
that could be used, but to keep energy costs low and o0il viscosity

down (to aid in filtration), we chose to clay treat at 50°C for
30 min to 1 hr.

The attapulgus clay-to-o0il ratio were determined individually for
each batch processed in the pilot plant; these results were then
used to determine a general clay-to-o0il ratio.

TABLE 16. VARYING ATTAPULGUS CLAY TREATMENT TEMPERATURE

Conditions
(slurry

for Acid a a
30 min) number TLC HPLC
90-105°C <0.018 ot 0~
70-77°C <0.018 0 0
50-55°C <0.018 0 0
30-40°C <0.018 0 0

1830373 - Main fraction NaOH:MgO/
methanol distillate treated
with Ca(OH), and 10% by weight
clay to oil.

aSubjective test, with + meaning
the greatest removal of
material.
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3.6.2 Chromatographic Adsorbent Studies

E» We examined the use of a column (93 cm x 1 cm) packed with 50/80
q' mesh attapulgus clay heated from 70-100°C for comparison with the
E 10% by weight clay-to-oil slurry procedure. The MDF from NaOH/

X MeOH treated with 0.5% by weight Ca(OH), was used, to provide a
i direct comparison with the slurry studies. Acid number data pre-
- sented in Figure 49 for both procedures show that the slurry

o treatment is more efficient; HPLC and TLC data bear out this

h conclusion.

We extended this study by varying column temperature and oil re-
tention time. Figures 50, 51, and 52 present sample acid number
vs. total volume through column by varying column conditions.

The data suggest that a £7.5-min retention time and a column
temperature of 65-80°C will treat (determined by HPLC and TLC) a
greater volume of oil than a slurry of 10% by weight clay to oil.
Nevertheless, the 10% by weight clay presently used for slurrying
is probably an excess, and column adsorption is not as attractive
as the data suggest because of the extra work involved in packing
columns on a large scale and the need for high pressure pumps. We
will therefore use the slurry adsorption procedure in our reclama-
tion process.

3.7 USE OF ACTIVATED CHARCOAL AS AN ADSORBENT

The original reclamation process included an activated charcoal
treatment step of guestionable value. We again examined the use
of charcoal in this program. A sample of a distillate treated
with Ca(OH), and attapulgus clay was treated with 6% by weight
charcoal to o0il for 30 min at 70°C and examined by HPLC and TLC.
The only perceptible change to the oil was a very slight color
improvement, which may not improve the total reclamation process.

3.8 RECLAIMED BASE STOCK EVALUATION

In the earlier work on this contract we concentrated on identify-
ing a distillation procedure, selecting a clay adsorbent for
additive/degradation removal with a treatment procedure, and
identifying the level of Ca(OH), treatment required to lower the
acid number. The next step was to reclaim a small quantity of oil
with our modified procedure and reformulate it with additives to
perform a few selective tests to verify our overall process.

Table 17 presents our reclaimed oil test scheme.

To determine if precut, main cut, and postcut distillates could be
combined as reclaimed base stock, distillates from NaOH/methanol
distillation were combined, .eformulated and foam tested. Table 18
lists the resulting foam test volumes, which suggest that it may be
possible to combine all fractions for recovery. To further verify
the reclamation process and the idea of combining the distillate
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TABLE 18. REFORMULATED BASE STOCK FOAM VOLUMES

Foam

Sample Distilled oil sample numbers volume
1 Reclaimed 1732588-3 (main cut) 10 mL

2 Reclaimed 1732588-3+ 6% (1732588-2) (precut) 15 mL

3 Sample 2 reformulated 15 mL

4 Sample 3 + reformulated 1732588-4 (postcut) 15 mL

._' fractions, two 2.6-liter samples had been reclaimed. They were
Sy reformulated with additives and sent to Alcor Testing Laboratory
- for tests outlined in our reclaimed oil test scheme.

o The two reclaimed samples of combined NaOH/methanol distillates
t. had the vapor temperature ranges shown in Table 19.

TABLE 19. VAPOR TEMPERATURE RANGES OF COLLECTED
DISTILLATES IN THE ALCOR TESTED SAMPLES

Vapor
temperature
Sample range
1830396~-C/M-23 135-285°C
1830397-C/M-234 135-305°C

The results of the selected MIL-L-7808H tests by Alcor are in-
cluded in Appendix B.

In general, the reclaimed/reformulated (RR) samples performed

as well as the formulated virgin base stocks from various manu-
facturers used earlier to verify the additive package. We have
shown by experimentation in the laboratory that the 100-120 mL
foam volumes of the RR samples were due to inadvertent addition
of excess (3%) PANA additive. 1In the corrosion and oxidation
stability test, the RR samples do not meet the MIL-L-7808H
requirements with respect to percent change in viscosity and total
acid number change. However, this is attributed to the probable
presence of MIL-L-7808G oils in the samples which do not meet
these requirements even as new oils. This deficiency could be
corrected by dilution with a MIL-L-7808 virgin base stock if
necessary. In conclusion, we feel that the developed reclamation
process is viable.

3.9 LARGE SCALE RECLAMATION - PILOT PLANT SCALE

In this section we'll discuss scale-up of the reclamation process
from laboratory to pilot plant scale. Also included in this sec-
tion are laboratory studies that were initiated as difficulties
arose.
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3.9.1 Pilot Plant Distillations (25 gallon scale)

Figure 53 shows a schematic diagram of the distillation set-up in
the plant. The equipment was cleaned with soap, water, acetone

and a chlorinated solvent. Virgin basestock was distilled in the
equipment for final clean out. After each distillation, the still
was cleaned with acetone, water and then acetone to remove still
bottoms and NaOH. The initial batches distilled encountered pro-
blems with bump-over, so we decreased the distillation rate.
Appendix G and I contains the data for each batch and procedure
sheets for a typical batch distilled. No problems were encountered
with the 0-79- series of used oils, though some were distilled 2
times, due to foaming caused by Ca(OH), treatment. Distillates
from the 0-82- series had considerable problems with high foam test
volunmes.

3.9.1.1 Distillate Foam Test Failure

Foam test fallure of distillates from the 0-82- series of used oil
batches have been uncorrectable. Table I1-1 (page 227) lists data
from those distillations. The data compared with earlier 0~79-

used o1l samples processed, are considerably different. There is
significantly more still bottoms and still toppings/pre-cut material
The earlier cuts in the distillations contain kerosene types of
material.

Table 20 presents data from a foam test study involving addition
of JP-4 jet fuel and hydraulic fluid to a low foaming formulated
o1l. The data suggests that the used oils maybe contaminated
by these fluids and their associated additives. Treatment of
the distillates with Ba(OH),-H,0 and fullers earth did not lower
the foam test volume.

Metal analysis of these oils, indicate that used oil 0-82-6 maybe
contaminated with motor oil. This o0il has very high levels of lead
(25 ppm) and zinc (76 ppm), not normally, found in 7808H oils.

Use of HPLC, TLC and IR as a screening method for contamination was
unsuccessful. Appendix J contains the chromatograms for HPLC, GC
and IR. As can be seen the HPLC and IR resemble the other used

0il samples, the GC chromatograms do show a significant difference.
Comparison of chromatograms (180-350°C procgram) with the 0-79- used
oi1ls show additional peaks buried in the initial solvent peak.
Comparing the chromatograms with their distillates, show the
removal of the extra peaks. The GC program was changed to 10C-
350°C for better separation of the peaks buried under the initial
solvent peak, these chromatogram are also in Appendix J. Also
included are samples of JP-4 and hydraulic fluids. GC appears to
be a good way to screen each used oil sample before processing.
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;‘ TABLE 20. FOAM TEST RESULTS WITH JP~4 AND HYDRAULIC FLUIDS*

Foam test mL Foam test mL
NB# Treated samples before treatment after treatment

27763158 2% JP-4 50 50

2776315B  Extra JP-4 additives (2%) 50 50

2776315CY 01l from 2276315B heated to 320°C 50 225

“or 7 hr.
2276316A  Ten drcps each of 2 different 45 50

hydraulic fluids - ester based.

22763168 2276316A plus additional 10 drops 50 =N
" each of the hydraulic fluids.

1. Simulate distillation conditions.
2. In 200 mL of low foaming formulated Emery basestock.
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Used o1l 0-79-2 was also unreclaimable, a GC chromatogram,
Figure J-20, does not indicate any contamination. Since the used
01l 1is only one out of 15 that does not pass the foam test the

sample in a plant processing situation could easily be diluted
with others.

Used o1l 0-79-2 was also distilled without caustic (stoichiometric
amount to neutralize the acid no.) to show that caustic does in-
deed lower, or decrease the acid number compared to no treatment.
The acid number of the caustic treated oil is almost 1/2 that of
the non-treated oil. It appears that the most dramatic effects of
acid number lowering occurs on o0ils having starting acid numbers
of 0.75 to 1.0 or greater (see Appendix I).

Also included in Appendix J are the IR and HPLC chromatograms of
JP-4 and the hydraulic fluids.

3.9.2 Use of Basic Material to Lower Acid No.

Figure 54 shows a schematic diagram of the adsorbent treatment in
the plant. The equipment was prepared similar to the distillation
equipment. The cotton filter bag (for the bag filter) was washed
2 times and rinsed several times, with the last 3 rinses being de-
ionized water.

Initially we used Ca(OH), to lower the acid number and started
getting inconsistant and poor foam test results. The problem

was traced to contamination from the egquipment and also, Ca(OH),
itself was found to cause foaming. Treatment with attapulgas clay
was not beneficial. Lab studies, using Ba(OH),+H,0 in place of
Ca(OH), to lower the acid number in our reclamation process, were
consistently successful. The use of Ba(OH),*H,0 resulted in 0.00
acid numbers compared to 0.02 to 0.2 with CA(OH), treatment. The
foam test results after Ba(OH),-H,0 treatment were comparable to
foam volumes prior to treatment. We determined that the minimum
level of Ba(OH),‘+H,0 for treatment was 0.77% by weight or the
stoichiometric amount to neutralize the acid number.

Most oils after Ba(OH),:H,0 [also Ca(OH),] treatment had after 1
day of standing, turned from a crystal clear to a cloudy liquid
with some precipitate. By raising our treatment temperature from
20°C to 50°C we were able to increase the precipitation (ppt) rate
so 1t could be removed along with the Ba(OH),-H,0 during filtration.
The acid number remained at zero after increased temperature
treatment.

The earlier processed oils that had developed high foam test vol-
umes due to Ca(OH), treatment and equipment contamination were suc-
cessfully lowered by redistillation and treatment with Ba(OH),-H,O0.
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Figure 54. Equipment design for Ba(OH),*H,0 adsorbent
treatment in Pilot Plant.
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Two reclaimed basestocks 0-79-7 and -14 and to some extent 0-79-12
and-10 had developed precipitate after a couple of months storage
prior to reformulation. Various samples were prepared from 0-79-14
to solve the problem. Table 21 describes the various treatments and
their results. 1In the plant we first filtered the batches and then
heated them to 60°C prior to reformulation.

TABLE 21. SAMPLES PREPARED TO SOLVE PRECIPITATE PROBLEMS
IN RECLAIMED BASESTOCK 0-79-14 (1997651) 1

Sample No. Treatment Storage results*
2000251A . Control - only filtered ppt -
2000251B Held at 50°C for 16 hours/filter No ppt
2000251cC Held at 60°C for 16 hours/filter No ppt
2000251D 50°C for 16 hours with Ba(OH),-H,0/filter ppt
2000251E 60°C for 16 hours with Ba(OH),-H,0/filter ppt
2000251F Fullers earth @ 50°C for 1/2 hour/filter PPt

*Samples stored for approximately 1-1/2 months, except F-only
1 month.

3.9.3 Adsorbent Treatment

Two used oils 0-79-11 and 0-79-9 (first group sent out for testing)
were formulated without attapulgas clay treatment, sent to Alcor
Testing Labs for MIL-L-7808H testing. It was possible that we
would be able to exclude clay treatment from the process.
Originally the clay was used to remove trace metals and surfact-
ants, but trace metals are lowered through distillation and
Ba(OH), -H,O treatment. Attapulgus clay also has been shown not to
remove troublesome surfactants in the o0il. Later it was found
that the clay also threw the accelerated storage stability test
out of specifications. The results of the MIL-L-7808H testing
indicated no need for clsy treatment, so none of the reclaimed
oils in the plant were clay treated.

We also had looked at ion exchange resins in the lab [Rexyn 101(H),
Amberlyst 15, and Amberlite 200] to remove surfactants that may
have caused foaming. However, no beneficial effects were found.

3.9.4 Reformulation

Figure 55 shows a schematic diagram of the reformulation equipment
in the plant. The equipment was prepared similar to the distilla-
tion equipment. The Filterite inline cotton filter was washed
with 5 gallon of virgin basestock. The first gquantity of virgin
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oil through the filter had a high foam test volume, while a later
sample had a low volume. The unlined steel drums were washed with
acetone and dried with a nitrogen stream.

Each reclaimed basestock was analyzed prior to reformulation by
HPLC for DODPA, PANA, and TCP, major additives in the 7808H oils.
Appendix C lists the analytical conditons for the analysis. The
major additive levels in the o0ils were taken into consideration
for the reformulation. Table 22 lists the additive and their
level of addition. The lower level additives are assumed at a
low concentration in the reclaimed oil.

Prior to reformulating a batch in the plant, we did a reformulation
in the laboratory for foam testing and acid number determination.
We found that there was a correlation between the constituent level
of the major additives and foam test level. This suggested that
TCP maybe interacting with PANA to form an amide which is known to
lower surface tension and act as a surfaciant. We finally did re-
formulation studies on each batch to maintain a low foam volume. ,
Tables 23 and 24 bring out the difficulty in balancing different !
additive levels. This difficulty is a result of not knowing all i
the additives and their levels in the oil. We finally maintained
a 2% antioxidant level with DODPA (no PANA addition) and did not
necessarily add TCP. By this time we had some test results back
on load bearing tests and had satisfactory results at lower levels
of TCP.

We found it unnecessary to add virgin base stock for viscosity
correction to any batch.

In the plant the additives were dissolved at 80°C/1 hr.

3.9.5 MIL-L-7808H Test Results

The 7808H test results for the 10 batches of used oil reclaimed
in the pilot plant are in Appendix E. Table 25 summarizes the
major problems encountered with these batches.

Initially foaming results were high. High test volumes were
traced to major additive levels as discussed in Section 3.9.4.

TABLE 22. ADDITIVE LEVELS ADDED TO THE RECLAIMED BASESTOCKS

Percent
Additives by weight

Tricresyl phosphate (TCP)
4,4'-Dioctyldiphenylamine (DODPA)
Phenyl-o-naphthylamine (PANA)
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Some elastomer results were high on the earlier batches. In the
later batches the TCP level was lowered and there was a significant
improvement.

The corrosion and oxidation results of some batches at 96 hours
are higher than expected. The data is similar to results from a

diester basestock provided by Rohm and Haas. MIL-L-7808G (di &
triester) oils would not be expected to have the same stability
as the MIL-L-7808H oils.

The accelerated storage stability results had been inconsistent
throughout this program. It was learned after the completion of
the work phase, that miscalculations by an outside testing labor-
atory had resulted in erroneously high test results. These re-
sults led to studies to improve the storage results. Table 25
displays the various treatments and results of the reclaimed
batches. Also, we did a modified accelerated storage test of a
sample consisting of 3 of the 5 formulated virgin basestocks used
to verify MRC's additive package earlier in this program. The re-
sults are listed below:

Accelerated storage test on
sample 1 1/2 years in storage Specification Results

0.0 hr 0.3
168 hr 150 max. 69.9

We also worked up 6 samples by various treatments for accelerated
storage testing. Table 26 summarizes the treatments and results
of these samples. The samples indicate that the attapulgus clay
we had used to treat the 2nd group (Table 25) in the pilot plant
may have been instrumental in increasing the accelerated storage
test results.

Still working with erroneous test results, we then processed the
remaining batches in the plant with no clay treatment and doubled
the ethyl antioxidant 703 additive level. We then went back at the
end of the program and added additional antioxidant 703 (to bring
the level to 0.20%) to the attapulgus clay treated batches (see
Table 25) to correct their storage results. Table 27 conta.ns the
results of retesting. As can be seen, the test results were im-
proved.

We conclude from the revised data, the attapulgus clay treated

batches would have passed the accelerated storage test without clay
treatment, we then have 90% passing on the test.
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TABLE 26. ACCELERATED STORAGE TEST SAMPLES/RESULTS

Test Results

25 max. 150 max.
NBP Treatment 48 hrs. 168 hrs.

2000227A Treated with attapulgus clay pre- 2.1 42.1
viously dried @ 500°C, formulated
with standard additive package.

2000227B Treated with attapulgus clay as re- 21.7 106.4
ceived and used in Pilot Plant formu-
lated with standard additive package.

2000227C Treated with Fullers earth previously 8.3 17.6
dried @ 500°C as in earlier contract
(AFAPL-TR-78-50), formulated with
standard additive package.

2000227D Treated with Fullers earth as receiv- 0.4 50.5
ed, formulated with standard additive
package.

2000227E No clay treatment, 2 times normal 0.5 47.6

level of Ethyl Antioxidant 703
(storage stability additive).

2000227F No clay treatment, 2 times normal 3.0 48.1

level of quinizarin (anti-lead
corrosion additive).

TABLE 27. ACCELERATED STORAGE STABILITY TEST RESULTS

Addition of Extra Ethyl 703 to Attapulgus
Clay Treated Batches

Comments NBP 48 hrs 168 hrs
Original 1997693(0-79-13) 12.7 190.7
1997695(0-79-06) 57.8 288.5
10 months later, extra 1997693(0-79-13) 3.0 85.7
Ethyl 703 added and 1997695(0-79-06) 30.6 136.6
retested
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The ten reclaimed oil batches were blended together in pairs for
5 bearing deposition tests, to lower testing costs. Table 28 lists
the pairs blended and reasoning for the combinations. Generally
all results were within specifications, a few were 4 to 6% over,
but we feel no reason for concern (see Appendix E). Groups 4 and
5 had significantly higher total sludge during testing then the
other groups. The inlet/outlet screens in the test equipment had
a sludge similar to the precipitates formed in the plant. There
was no precipitate prior to testing. 90-96% of the sludge was
removed on the 1lst screen weighings. Examination of plant data
on these oils, show that they were hydroxide treated below 45°C.
We believe that the sludge formation would have been less if the
hydroxide treatment temperature would have besr ~ higher.

TABLE 28. BATCH BLENDING FOR BEARING [ OSITION TESTS

Group NBP Used oil C ents
1 2000248 (0-79-08) Good batches.
2000247 (0-79-15)
2 2000267 (0-79-07) Batches had developed heavy precipi-
2000268 (0-79-14) tation on sitting prior to reform-
ulation.
3 2000273 (0-79-10) Batches had developed light precipi-
2000275 (0-79-12) tation on sitting prior to reform-
ulation.
4 1997693 (0~-79-13) Poor accelerated storage results;
1997695 (0-79-06) batches were attapulgus clay
treated.
5 1997659 (0=-79-09)

1997658 (0-79-11)

3.9.6 The Optimized Process

The following discussion details the process, as developed and
optimized in the pilot plant. The operation discussed follow
those outlined in Figure 56, Section 5. The materials used are
those specified in Appendix H. Not all the operations discussed
were necessary for the oils reclaimed in this program, i.e., phase
separation, but they are included to keep the process as general
as can be envisioned being required.

It is assumed that the used oils will arrive at the processing
plant in 55 gallon drums. A 500 mL sample should be removed. A
acid number and a GC/IR analysis should be run on the sample.
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A acid no. >»10.0 or a unusual GC or IR pattern would constitute
rejection of the drum. Next, a lab distillation of the sample,
followed by a foam test. If after 2 distillations a sample doec

not pass the foam test, discard the drum. NaOH will not need tc¢ 1
be added to the sample for the lab distillations.

The next step will be to remove solid insoluble materials present
{e.g., wear metals, sludges), by pumping through a 100 pm cartridge
(cotton) type filter, into the still. These materials are present
1n very low amount, usually less than 0.2% by weight.

The o011 1s allowed to sit overnight and then a small quantity 1s
removed from the bottom of the still for identification of a in-
soluble liquid phase. Next a stoichiometric addition of NaOH/
methanol (usually 100 g NaOH/% gallon methanol) solution to neu-
tralize the acid no. (see Appendix F) is added to the still (short
path distillation). The oil is distilled at 15 mm. The forerun
1s collected up to vapor temperature of 135°C and discarded. The
main cut 1s collected from a vapor temperature of 135°C to a pot
temperature of 325°C. There 1s an average of 85% recovery after
distillation.

The distillate (main cut) 1s foam tested and a acid no.
determined. A foam test over 20 mL indicate the distillate
should be redistilled.

The 011 1s then treated with Ba(OH);-Hp,0 at 55-60°C for 15-18 hra.
The amount of hydroxide added is 0.77% by wt (see Appendix F), un-
less 1f a larger amount is necessary to stoichiometrically neutra-
lize the acid no. The oil is filtered to remove the hydroxide;
filter aid maybe necessary to prevent a slimy and slow filtering
Cake. Losses are usually 5%.

At this point the reclaimed base stock should have a acid number

of 0.0, but if over 0.1, retreat with the hydroxide. A foam test
>35 mL 1indicates the oil should be redistilled. A value >35 mL

at this point would probably result in a >100 mL after reformulation.

Next a HPLC analysis of the oil for major additive levels. A
sanple should be reformutated 1in the lab and foam tested.
Viscositlies should also be determined.

The plant batch can then be reformulated and heated to 80°C
for 1 hour, filtered through a 10 pym inline cotton filter and
pumped i1nto a storage tank. A poor foam test or acid no. »0.3
indicates need for a redistillation. Viscosities out of specs.
can be corrected through use of virgin oil.

Another assumption is the reclaimed oil will be kept in a storage

tank until results of MIL-L-7808H tests. The oil will then be
packaged into sealed containers for delivery.
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4. DISPOSAL

In this section we'll discuss the disposal of material generated
by the reclamation process.

4.1 NON-RECLAIMABLE OIL

Oi1ls that do not pass the initial screening or prove at a later
time unreclaimable, can be so0ld to other reclaimers for use as
a plasticizer.

4.2 STILL BOTTOMS

The majority of the additives distill over, leaving a very low
additive level in the still bottoms. The bottoms are similar to
materials the asphalt producers use.

4.3 STILL TOPPINGS, WASTE ACETONE

Still toppings consisting of toluene, kerosene, low molecular
weight oil and other similar material, can be mixed with fuel
oil for on site use. The acetone from still clean-outs could
also be disposed of, in the same manner.

4.4 Ba(OH),-H,O/FILTER AID

Filter aid mixed with Ba(OH),-H,0 will need to be buried in an
EPA approved land fill.
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5. COST ANALYSIS - ENGINEERING STUDY

Two cost analyses were to be performed. One based on a process
intended for maximum yield and one for maximum cost effectiveness.

The present' process operates at maximum yield and maximum cost
effectiveness. The pre-cut range was selected for removal of low
boiling contaminants. The still bottom consists of undistillable/
unrecoverable material.

The process developed in the earlier contract had included clay
and charcoal treatment. These materials are ideal for recycling
to lower costs, but has since been found unnecessary. Therefore,
only one cost analysis is presented.

A cost analysis of the reclamation process was carried out to
estimate the cost of reclaiming used oils in batch size of 1,000,
2,500, 5,000, and 10,000 gallons. The operations involved in the
processing are shown in Figure 56.

The capital cost estimates for installation of a process in an
exlisting plant were made using a 1,000 gallon batch size as the
basic unit and escalating the costs to other sizes using an
escalation factor of 0.6, an average value used frequently in
the types of calculation [1]. The standard equation for such
types of calculation, where costo is the cost

S X
cost = cost (——)

o) So

for 1,000 gallon scale, S is the size factor and x the escalation
factor, was used. The capital cost data and assumptions are pre-
sented in Tables 29 and 30.

Installation costs can vary considerably depending on several
factors, e.g., level of instrumentation, amount of piping required,
etc. Consequently, the capital costs can vary.

The cost analysis was made based on the assumption that a plant
was set up and operating continuously over a year period. This
assumes an adequate used oil supply. No cost is included for
collection and delivery of used oil to reclamation site.

[1]) Peters, M. S., and Timmerhaus, K. D., "Plant Design and Econ-
omics for Chemical Engineers," 2nd edition, 1968 McGraw Hill
Book Company, New York, NY.

Popper, H., editor, "Modern Cost-Engineering Techniques,"
1970, McGraw-Hill Book Company, New York, NY.
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Figure 56. Reclamation process.
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TABLE 29. CAPITAL COST DATA
(1,000 gal scale, 1 shift, 40 hr/wk)

PLANT
Equipment requirements Cost, §$ Installation,
(1,000gallons) est. 1982 $
1 Filter (bag) 2,500 1,000
1 Gas still 75,000 75,000
1 Vacuum jet 18,000 3,000
2 Jacketed agitator vessel 30,000 120,000
1 Condensor 8,000 =%
1 Receiver 10,000 5,000
1 Bottling equipment 18,000 2,500
28 Product storage tanks 98,000 84,000

249,500 285,500
*Installation included in with jacketed agitation vessels

TOTAL PLANT $550,000

LAB

Cost, $

Equipment requirements est. 1982
HPLC 12,000
Auto sampler/GC 16,000
IR 12,000
Installation/other equipment 15,000
55,000

The projected recovery efficiency for this process is 73%, other
estimated costs are presented in Table 31, along with cost break-
down for the four batches sizes. The cost assigned to utilities

is considered to be a very crude estimate and was derived by calcu-
lating the cost of energy required for distillation and multiplying
the answer by 5 to cover the costs of the remaining operation cost
for filtration, pumping materials, etc.

Not included in the above analysis is the cost incurred if virgin
base stock must be added to adjust the viscosity. This is treated
here as a separate case since this addition was found not to be
necessary in our study.
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- TABLE 30. ASSUMPTIONS (1,000 gal. batches)

wWaste 01l arrives in 55 gal drums

Each drum is tested by GC, IR, acid # determination and lab distil-
lation/foam test

Each plant batch requires 8 hrs to distill and 8 hrs to clean-up
and recharge

HV 50 g-cal/g
Specific gravity 0.93

2 Month turnaround time for commercial testing -, need 800 gal.
storage tanks

- 40 hr work week - 1 shift

:; 100 batches/yr, 2 days/batch, 20% downtime

$130,000 labor costs/yr

90% of processed batches will be good

85% recovery on each batch due to distillation

95% recovery on each batch due to Ba(OH),-H,O0 treatment
N 1,000 gal still can only contain 800 gal of actual oil
15 gal removed out of each batch for testing

56,790 actual gal processed each yr

Capital costs spread out over 3 years

Qualification tests $5,000 each

Qualified batches are packaged in pt or gt cans
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6. CONCLUSIONS

A feasible process for reclamation of synthetic ester turbine
engine oils was developed in an earlier program. The main
features of the process consist of distillation to recover
base stock, treatment with adsorbents to remove degradation
products, and addition of additives to upgrade the oil to
meet specifications.

MRC's proposed additive package has been shown to be satis-
factory in five different base stock formulations.

The use of NaOH during distillation helps lower the acid no.,
therefore decreasing the amount of Ba(OH),-H,0 to use in the
next step.

Treatment with Ba(OH),-H;0 to lower the acid number depends
on the following rule of thumb: 20.77% by weight Ba(OH),‘H,0
to oil. (A greater amount of Ba(OH),-H,0 may be required to
neutralize larger acid numbers.)

The use of bleaching clay and activated charcoal was found
unnecessary.

An extensive used o0il screening method had to be devised for
identification of contaminated lots to eliminate those used
0il samples not suitable for reclamation.

Extensive laboratory evaluation on each reclaimed basestock
was necessary to determine optimum additive replenishment
concentrations without causing high foam.

Ten 25 gallon batches of used 0il were reclaimed. MIL-L-7808H
test results on the batches were generally good. However,
none of the ten batches completely passed all the tests.

A cost analysis of the process was carried out. Assuming a

half million quarts of oil to be reclaimed each year, each
gallon could be reclaimed for $8.74.
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7. RECOMMENDATIONS

3. The process as now defined has been shown to be feasible for
o reclamation of used MIL-L-7808H oils. However, the following are
areas in which it is recommended that further effort be placed for
improvement and refinement of the process.
1. Additional 15-25 gallon plant reclamations for additional data.
a. Additional MIL-L-7808H test results.
b. Statistics on precipitation formation in processed oil.

c. Corre? “te GC information of used o0il with lab distillation/
foam test data to lower initial screening costs.

d. To develop a better understanding between reformulation,
foaming and accelerated storage stability results.

2. Two or three 500 gallon plant reclamations for additional
scale-up information.
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APPENDIX A

iu MIL-L-7808H TEST RESULTS FOR SELECTED FORMULATED VIRGIN BASE STOCKS

;;: 1732506 (Hatco base stock)

o 1732510 (Stauffer base stock)

1732511 (Rohm and Haas base stock) (Plexol)
1732508 (APL-furnished ATL 9148 base stock)
1732509 (APL-furnished ATL 9149 base stock)
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ADDITIVE LEVELS USED IN VIRGIN BASE STOCKS

Percent
Additives by weight
Tricresyl phosphate 2.0
4,4'-Dioctyldiphenylamine 1.0
Phenyl-o-naphthylamine 1.0
Benzotriazole 0.1
Triphenyl phosphite 0.1
Quinizarin 0.05
Antioxidant 703 0.1
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ALCOR, INC,
10130 Jones Maltsberger Road

San Antonio, Texas
(512) 349-3771

SAMPLE Monsanto #1732511 Date 4/07/80

Specification Results

PHYSICAL & CHEMICAL PROPERTIES

Neutralization Number 0. 30 Max. 0.14
Viscosity @ 210°F, cs 3. 0 Min. 3.0
Viscosity @ 100°F, cs Report 11.5

VISCOSITY STABILITY @ -65°F

Original Oil, 35 Min., cs 17, 000 Max. 11,341
After 3 Hours, cs 17,000 Max. 11,633
Viscosity Change, % 6. 0 Max. +2. 6

FOAMING CHARACTERISTICS, STATIC

176°F, Vol. after 30 Min. Aeration, ml 100 Max. 35
Collapse time, seconds , 60 Max. 6.8

FOAMING CHARACTERISTICS, DYNAMIC

176°F
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 24,6 sec.
Volume @ 1500 cc air, cc 150 Max. 20
Collapse time, minutes 60 Max. 38.9 sec.
Volume @ 2000 cc air, cc Report 20
Collapse time, minutes 60 Max. 33.8 sec.

230°F
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 31.8 sec.
Volume @ 1500 cc air, cc 150 Max. 10
Collapse time, minutes 60 Max. 31.8 sec.
Volume @ 2000 cc air, cc Report 20
Collapse time, minutes 60 Max. 35.5 sec.
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Sample_ Monsanto #1732511

Specification

FA ELASTOMER COMPATIBILITY, 72 BOURS @ 347°F

% Swell 2.0- 25.0
Tensile Strength, % Change 50 Max.
Elongation, % Change 50 Max.
Hardness, No. Change 20 Max.

LEAD CORROSION, 1 Hour @ 325°F

Weight Change, mpg/in¢ 6 Max.

SILVER & BRONZE CORROSION, 50 HOURS @ 450°F

Silver Weight Change, mg/in2 3.0 Max.
Bronze AMS4616, mg/in? 3. 0 Max.

DEPOSITION NUMBER (see attached data sheet)

Deposit Number 1.5 Max.
Viscosity Change, % Report
TAN Change Report
Oil Consumption Report

RYDER GEAR TEST (see attached data sheet)

2 Determinations, ppi 2400 Min.

Page 2.

Results

+15.8

-14.0

+15.6
-5

55.6
22.88
175 cc

2631
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ALCOR, INC.
10130 Jones Maltsberger Road
San Antonio, Texas ;
(512) 349-377] |

‘.‘1‘ M ._

_SAMPLE Monsanto #1732509 Date _4/07/80
vecification Results
PEHYSICAL & CHEMICAL PROPERTIES
Neutralization Number 0.30 Max. 0.17
Viscosity @ 210°F, cs 3. 0 Min. 3.5
Viscosity @ 100°F, cs Report 14. 8
VISCOSITY STABILITY @ -65°F
Original Oil, 35 Min., cs 17,000 Max. 16,642
After 3 Hours, cs 17,000 Max. 16, 954
Viecosity Change, % 6.0 Max. +1.9
FOAMING CHARACTERISTICS, STATIC
176°F, Vol. after 30 Min. Aeration, ml 100 Max. 115
Collapse time, seconds 60 Max. 7.4
FOAMING CHARACTERISTICS, DYNAMIC
176°F
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 12.7 sec.
Volume @ 1500 cc air, cc 150 Max. 30
Collapse time, minutes 60 Max. 14,7 sec.
Volume @ 2000 cc air, cc Report 30
Collapse time, minutes 60 Max. 18.9 sec.
230°F
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 13.1 sec.
Volume @ 1500 cc air, cc 150 Max. 20
Collapse time, minutes 60 Max, 14,2 sec.
Volume @ 2000 cc air, cc Report 20
Collapse time, minutes 60 Max. 14.7 sec.
110
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S Sample Monsanto #1732509

Specification

FA ELASTOMER COMPATIBILITY, 72 HOURS @ 347°F

(‘ % Swell 2.0- 25.0

Tensile Strength, % Change 50 Max.
Elongation, % Change 50 Max.
Hardness, No. Change 20 Max.

LEAD CORROSION, 1 Hour @ 325°F

Weight Change, mg/in? 6 Max.

SILVER & BRONZE CORROSION, 50 HOURS @ 450°F

Silver Weight Change, mg/in2 3.0 Max.
Bronze AMS4616, mg/in? 3. 0 Max.

DEPOSITION NUMBER (see attached data sheet)

Deposit Number 1.5 Max.
Viscosity Change, % Report
TAN Change Report
Oil Consumption Report

RYDER GEAR TEST (see attached data sheet)

2 Determinations, ppi 2400

111

Page 2.

Results

+15.8
-11.
+35.9

W

112.8
14. 41
150 cc

3282
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ALCOR, INC,
10130 Jones Maltsberger Road

San Antonio, Texas
(512) 349-3771

- SAMPLE Monsanto #1732510 Date 4/07/80
b .
- Specification Results
b PHYSICAL & CHEMICAL PROPERTIES
Neutralization Number 0. 30 Max. 0.25
= Viscosity @ 210°F, cs 3.0 Min. 3.1
2 Viscosity @ 100°F, cs Report 12.8
ke
- VISCOSITY STABILITY @ -65°F
=
.- Original Oil, 25 Min., cs 17, 000 Max. 13,925
: After 3 Hours, cs 17,000 Max. 13,484

Viscosity Change, % 6.0 Max. +3.1

FOAMING CHARACTERISTICS, STATIC

176°F, Vol. after 30 Min. Aeration,ml 100 Max. 30
Collapse time, seconds 60 Max. 3.8

FOAMING CHARACTERISTICS, DYNAMIC

176°F
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 9.1 sec.
Volume @ 1500 cc air, cc 150 Max. 10
Collapse time, minutes 60 Max. 9.3 sec.
{ Volume @ 2000 cc air, cc Report 10
- Collapse time, minutes 60 Max. 10.3 sec.
r—' i 230°F
Volume @ 1000 cc air, cc 100 Max. 10
[ Collapse time, minutes 60 Max. 8.5 =ecc.
C Volume @ 1500 cc air, cc 150 Max. 10
Collapse time, minutes 60 Max. 8.2 sec.
L Volume @ 2000 cc air, cc Report 10
Collapse time, minutes 60 Max. 8.9 sec.
= 113
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Sample Monsanto #1732510 Page 2.

Specification Results

FA ELASTOMER COMPATIBILITY, 72 HOURS @ 347°F

= % Swell 2.0- 25.0 +17.6
- Tensile Strength, % Change 50 Max. -11.9
- Elongation, % Change 50 Max. +17.2
- Hardness, No. Change 20 Max. -5
X LEAD CORROSION, 1 Hour @ 325°F

- Weight Change, mg/in? 6 Max. -0.1

s+

SIL.VER & BRONZE CORROSION, 50 HOURS @ 450°F

Silver Weight Change, mg/in2 3.0 Max. -0.1
Bronze AMS4616, mg/in? 3.0 Max. -0.2

DEPOSITION NUMBER (see attached data sheet)

“ Deposit Number 1. 5 Max. 0.40

: Viscosity Change, % Report 82.0
TAN Change Report 14. 85
Oil Consumption Report 125 cc

o RYDER GEAR TEST (see attached data sheet)

: 2 Determirations, ppi 2400 Min. 2671
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ALCOR, INC.
10130 Jones Maltsberger Road

San Antonio, Texas
(512) 349-377]

SANMPLT Monsanto #1732506 Date 4/07/80

Specification Results

PHEYSICAL & CHENMICAL PROPERTIES

Neutralization Number 0. 30 Max. 0.20
Viscosity @ 210°F, cs 3. 0 Mir. 3.0
Viscosity @ 100°F, cs Report 12.5

VISCOSITY STABILITY @ -65°F

Original Oil, 35 Min., cs 17,000 Max. 12,136
After 3 Hours, c¢s 17,000 Max. 12,561
Viscosity Change, % 6. 0 Max. 3.5

FOAMING CHARACTERISTICS, STATIC

176°F, Vol. after 30 Min. Aeration, m1 100 Max. 15
Collapse time, seconds 60 Max. 3.2

FOAMING CHARACTERISTICS, DYNAMIC

176°F
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 7.9 sec.
Volume @ 1500 cc air, cc 150 Max. 10
Collapse time, minutes 60 Max. 8.8 sec.
Volume @ 2000 cc air, cc Report 10
N Collapse time, minutes 60 Max. 8.5 sec.
- 230°F
Q Volume @ 1000 cc air, cc 100 Max. 10
- Collapse time, minutes 60 Max. 8.4 sec.
X Volume @ 1500 cc air, cc 150 Max. 10
T Collapse time, minutes 60 Max. 8.5 sec.
- Volume @ 2000 cc air, cc Report 10
#_‘!' Collapse time, minutes 60 Max. 7.6 sec.
3
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Sample Monsanto #1732506 Page 2.

Specification Results

FA ELASTOMER COMPATIBILITY, 72 HOURS @ 347°F

% Swell 2.0- 25,0 +12. 4
Tensile Strength, % Change 50 Max. +2.1
Elongation, % Change 50 Max. +6.3
Hardness, No. Change 20 Max. -5

LEAD CORROSION, 1 Hour @ 325°F

Weight Change, mg/in? 6 Max. 0.0

SILVER & BRONZE CORROSION, 50 HOURS @ 450°F

Silver Weight Change, mg/in? 3.0 Max. 0.0
Bronze AMS4616, mg/in? 3.0 Max. -0.2

DEPOSITION NUMBER (see attached data sheet)

Deposit Number 1.5 Max. 0.52
Viscosity Change, % Report 48.8

TAN Change Report 13. 10
Oil Consumption Report 110 cc

RYDER GEAR TEST (see attached data sheet)

2 Determinations, ppi 2400 Min. 2919
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ALCOR, INC,

10130 Jones Maltsberger Road

San Antonio, Texas

(512) 349-3771

SAMPLE

176°F

230°F

Monsanto #1732508 Date 4/07/80
Specification Results
PEYSICAL & CHEMICAL PROPERTIES
Neutralization Number 0. 30 Max. 0.22
Viscosity @ 210°F, cs 3.0 Min. 3.4
Viscosity @ 100°F, cs Report 14,2
VISCOSITY STABILITY @ -65°F
Original Oil, 35 Min., cs 17,000 Max. 14, 462
After 3 Hours, cs 17,000 Max. 14,799
Viscosity Change, % 6.0 Max. +2.3
FOAMING CHARACTERISTICS, STATIC
176°F, Vol. after 30 Min. Aeration,ml 100 Max. 100
Collapse time, seconds 60 Max. 5.1
FOAMING CHARACTERISTICS, DYNAMIC
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 18.9 sec.
Volume @ 1500 cc air, cc 150 Max. 20
Collapse time, minutes 60 Max. 16.4 sec.
Volume @ 2000 cc air, cc Report 20
Collapse time, minutes 60 Max. 19.5 sec.
Volume @ 1000 cc air, cc 100 Max. 10
Collapse time, minutes 60 Max. 12,9 sec.
Volume @ 1500 cc air, cc 150 Max. 10
Collapse time, minutes 60 Max. 15,2 sec.
Volume @ 2000 cc air, cc Report 20
Collapse time, minutes 60 Max. 13.9 sec.
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1 i Sample Monsanto #1732508 Page 2.

Specification Results

FA ELASTOMER COMPATIBILITY, 72 HOURS @ 347°F

'ﬁ’ﬁ',"
. P

& % Swell 2.0- 25.0 +16.1

:: Tensile Strength, % Change 50 Max. -12.1

E Elongation, % Change 50 Max. +12.5
Hardness, No. Change 20 Max. -5

-

a8

LEAD CORROSION, )} Hour @ 325°F

Weight Change, mg/in? 6 Max. 0.0

SILVER & BRONZE CORROSION, 50 HOURS @ 450°F

Silver Weight Change, mg/in2 3.0 Max. 0.1
Bronze AMS4616, mg/in? 3.0 Max. 0.1
DEPOSITION NUMBER (see attached data sheet)
Deposit Number 1.5 Max. 0.51
Viscosity Change, % Report 118.3
TAN Change Report 11. 96
Oil Consumption Report 135 cc
RYDER GEAR TEST (see attached data sheet)
2 Determinations, ppi 2400 A 2815
!
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APPENDIX B
MIL~-L-7808H TEST RESULTS FOR LAB RECLAIMED OIL
1830396-C/M-23 (Reclaimed o0il, NaOH/methanol, vapor tempera-
ture distillation 135-285°C)

1830397-C/M~234 (Reclaimed oil, NaOH/methanol, vapor tempera-
ture distillation 135-305°C)
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‘{; ADDITIVE LEVELS USED IN RECLAIMED BASE STOCK

e LAai i W Sl Mt et _w-,-’

Percent
by weight

h Additives

.- Tricresyl phosphate

- 4,4'-Dioctyldiphenylamine
(DODPA)

Phenyl-a-naphthylamine
Benzotriazole
Triphenyl phosphite
Quinizarin

o Antioxidant 703

2.

1.

0

0

.05

.10

8Both samples inadvertently had more
{3%) than 1% PANA added.




ALCOR, INC.
10130 Jones Maltsberger Road
San Antonio, Texas
(512) 349-3771

CUSTOMER Monsanto Research Corporation Date 10/16/80
Resuylts
Specification 183039- 183039-

6C/M-23 7C/M-234

FSYSICAL & CEEMICAL PROPERTIES

Neutralization Number (T, A. N,) 0. 30 Max. 0.22 0.20
Viscosity @ 210°F, cs 3. 0 Min, 3.0 3.1

VISCOSITY STABILITY @ -65°F

Original Oil, 35 Minutes, cs 17,000 Max. 9,515 10, 428
After 3 Hours, ¢s 17,000 Max. 9,777 10, 340
Viscosity Change, % 6.0 Max, +2. 8 -0.8

FOANMING CEARACTERISTICS, STATIC

176°F, Volume after 30 Min, Aeration, ml 100 Max. 100 120
Collapse Time, seconds . 60 Max. 4.2 5.1

1EAD CORROSION, | HOUR @ 325°F

Weight Change, rng/in2 6 Max. +0.1 +0.1

SILVER & BRONZE CORROSION, 50 HOURS @ 450°F

’ Silver Weight Change, m§/in2 3.0 Max.  -0.1 -0.1
r®- Bronze AMS4616, mg/in 3. 0 Max. -0.3 -0.5

DEPOSITION NUMBER (see attached data sheets)

_, Deposit Number 1.5 Max. 0.53 0.4l
- Viscosity Change, % Report +119.3 +38.3
L T.A.N. Change Report 25. 04 11. 42

0Oil Consumption 124 Report 100 cc 50 cc
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Monsanto Research Corporation
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CORROSION & OXIDATION STABILITY, 48 HOURS @ 392°F

Corrosion:

Steel, mg/crn2

Silver, mg/cm?2
Aluminum, mg/cm2
Magnesium, mg/cm?
Bronze AMS4616, mg/cm2
Titanium, mg/cm

M-50 Steel, mg/cm2

Appearance of Metal Specimens:

Pitting
Etching
Corrosion
Staining

Oxidation:

Viscosity @ 100°F, Initial
Viscosity @ 100°F, % Change
Viscosity @ 210°F, Initial
Viscosity @ 210°F, % Change
Total Acid Number, Initial
Total Acid Number, Change
Evaporation Loss, %

Sludge, Volume, %

Pt ] VW WSV U I SR W PG DN, T

Page 2.
Results

Specification 183039- 183039-

6C/M-23 1C/M-2
+0.2 -0.010 -0.099
+0.2 -0.139 -0.050
+0.2 -0.073 -0.040
+0. 4 -0.050 -0.030
+0.4 -0.119 -0.010
$0.2 -0. 040 -0.080
+0.2 -0.080 -0. 046
Report None None
Report None None
Report None None
Report None None
Report 11. 4 12.0
-5 to +25 +25. 4 +23.3
Report 3.0 3.1
Report +13.3 +12.9
Report 0.22 0.20
4.0 Max. 5.03 4. 80
Report 2.5 2.1
Report 0.0 0.0
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APPENDIX C

ANALYTICAL CONDITIONS

Gas Chromatography
High Performance Liquid Chromatography

Thin Layer Chromatography

126
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ANALYTICAL CONDITIONS

GAS CHROMATOGRAPHY

Column:

Sample:

Sample size:
Helium flow rate:
Inlet temperature:
FID temperature:

Temperature programs:

3% Dexsil 300 on Chromasorb
W 80/100 0.125 in. OD 12 ft
length acid washed and silanized

10% in cyclohexane
1 uL

40 cc/min

300°C

400°cC

180-350°C at 4°C/min
100-350°C at 4°C/min

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

General Conditions

Column:
Sample:
Sample size:
Mobile phase:

Program:
Detector:
Chart:

Partisil PXS 10/25 PAC
10% in cyclohexane
10 pL

100% isooctane TO 70/30
methylene chloride/isooctane,
2 mL/min.

Linear, 20 min
UuvV @ 254 nm

0.5 cm/min

Specific Conditions

PANA AND DODPA ANALYSIS

Program:

Mobil phase:

127

Program #7 on Water's Solvent
Programmer, 7 min., 2 mL/min.

100% isococtane to 95/5 methylene
chloride/isooct.ane
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ANALYTICAL CONDITIONS (continued)

TCP ANALYSIS

Program: Program #6 on Water's Solvent Pro-
grammer, 15 min., 2 mL/min.

Mobil phase: 100% isooctane to 90/10 methylene
chloride/isooctane

Sample: 100 pL of 30% oil

Area determination of peaks was found to be more accurate by
calculating the areas by hand. More reproduceable data may
be obtained with the use of second generation analytical
software.

THIN LAYER CHROMATOGRAPHY

Plate: Silica gel F-254 activated
at 100°C for 1 hr

Sample: 30 yL. 10% solution oil in
cyclohexane

Mobile phase: 30/70 heptane/toluene

Lamp: 254 nm UV
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APPENDIX D

HIGH PERFORMANCE LIQUID CHROMATOGRAMS
OF ORIGINAL 15 USED OILS AS RECEIVED
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0-79-8

d chromatograms of used oil as received.

iqui

High performance 1

0-79-7

[ Y3 A

Figure D-4.
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0-79-11

0-79-10

High performance liquid chromatograms of used o0il as received.

Figure D-6.
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0-79-12

High performance liquid chromatograms of used oil as received.

Figure D-7.
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APPENDIX E

MIL-L-7808H TEST RESULTS FOR LARGE
SCALE (25 GALLON) RECLAIMED OIL BATCHES
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GEAR LOAD CARRYING RATING

Method ASTM D1947
(one gear, two determinations)
(Ryder Gear)

NB Test
number Used o1l (PPI) Specifications
1997693 (0-79-13) 2935 2400 PPI min.
1997695 (0-79-6) 2697
1997659 (0-79-9) 2364
1997658 (0-79-11) 2816
2000248 (0-79-8) 2587
2000247 (0-79-15) 2407
2000275 (0-79-12) 2787
2000273 (0-79-10) 3092
2000267 (0-79-7) 2967
2000268 (0-79-14) 2813
..
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BEARING DEPOSITION TEST SUMMARY
Test No. 48-316
MONSANTO RESEARCH CORPORATION
Sample No. 1997693 (0-79-13) § 1997695 (0-79-6)

(Rig No. 1 )

DEPOSITS SLUDGE
End Cover 0.0 Inlet Screen
Spacer & Nut 14.0 Outlet Screen
Heater Front 99.6 TOTAL
Heater Rear 86.4
Seal Plate 10.0
Bearing 28.0

—— -~ - .
- <

.762
1.370
2.132

OlL CONSUMPTION, ml/hr 13.8

OVERALL RATING 39.7

SUMP= METALS

Sides Lt. Varnish Aluminum -0.020

Bottom Lt. Varnish Silver 0.000

Bron:ze -0.020

* Not included in the overall Steel +0.040

rating above, M-SO Steel -0.040

Waspaloy +0.059

Titanium +0.020

VISCOSITY T.A N.
50 ) 5 o Sl L LT
% Change: +9.7 L Change:  1.93° @ - - '". = A
s0| e R
30 —.—_‘_”‘_A‘”—“"~ T T 3 —_—— T —————— Tttt T/———
W — 2 R
- - - ~ - ,:-{;/_'1 I
’ ﬁ--ar'/,‘ - -
O et O T
o OO Gt - iU TITTTIT T e
0
10 20 30 40 50 10 20 30 40 50
Hours Hours
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(This sheet may be detached for filing)
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BEARING DEPOSITION TEST SUMMARY
Test No.

MONSANTO RESEARCH CORPORATION
Sample No. 1997659 (0-79-9) § 1197658 (0-79-11)

(Rig No.

DEPQSITS
End Cover 1.2
Spacer & Nut 14.0
Heater Front 102.3
Heater Rear 119.1
Seal Plate 0.0
Bearing 43.0
OVERALL RATING 46.6
SUMP*
Sides Lt. Varnish
Bottom Lt. Varnish

* Not included in the overall
rating above.

VISCOSITY
50— : -

~% Change: _4+8.7  _
40 — ———
30}—

20—

(This sheet may be detached for filing)

o D PP W SPT y vary

48-317

1)

SLLUDGE
Inlet Screen .392
Qutlet Screen .945
TOTAL 1.337

OIL CONSUMPTION, ml/hr 2.1

METALS
Aluminum +0.020
Silver +0.040
Bronze 0.000
Steel -0.040
M-50 Steel 0.000
Waspaloy +0.020
Titanium 0.000
T.A.N.
5
Change: 1,77 _ ]

4 —————— e —— e — e —— ey

3t : —

2 : —

1 _—'_A ] < v: ( ).(;"‘.\-

fot o —

0
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BEARING DEPOSITION TEST SUMMARY

MONSANTO RESEARCH CORPORATION
Test No. 48-313
Sample No. 2000267 (0-79-7) & 2000268 (0-79-14)

(Rig No. 2 )

DEPQSITS SLUDGE
End Cover 1.2 Inlet Screen .356
Spacer & Nut 29.0 Outlet Screen .310
Heater Front 151.2 TOTAL .666
Heater Rear 102.9
Seal Plate 11.0
Bearing 88.0

OIL CONSUMPTION, ml/hr 3.5
OVERALL RATING 63.9

SUMP=* METALS
Sides Lt. Varnish Aluminum 0.000
Bottom Lt. Varnish Silver -0.040
Bron:ze +0.020
* Not included in the overall qutggls . g‘ggg
ti b . - tee -0.
rating above Waspaloy 0.000
Titanium +0.020
VISCOSITY T.A,N.
50 .. - 5 ‘
% Change: . 4153 . "~ Change: 2.63_____ . _ __ |
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BEARING DEPOSITION TEST SUMMARY
Test No. 48-312

L MONSANTO RESEARCH CORPORATION

n 7 Sample No. 2000248 (0-79-8) & 2000247 (0-79-15)

{Rig No. _1 )

: DEPOSITS SLUDGE
. J End Cover 1.5 Inlet Screen .262
r Spacer & Nut 14.0 Qutlet Screen -336
v Heater Front 77.1 TOTAL  -598
v ] Heater Rear 142.2
- Seal Plate 10.0
Bearing 37.5
OIL CONSUMPTION, ml/hr 4.6
- OVERALL RATING 47.1
- SUMPx* METALS
Sides Lt. Sludge Aluminum 0.000
Bottom Lt. Varnish Silver +0.040
o Bronze +0.040
. . Steel 0.000
* Not' included in the overall M-50 Steel 0.000
rating above. Waspaloy +0.020
) Titanium 0.000
] VISCOSITY T.A.N.
50 - , " - 5 -
4_%_Change§__~+7.3---.n- i “Change: _2.66_ _ ]
' 40| —— "~ ; 7 -
“ 30
] o
10— ' -
0 5 L
10 20 30 40 50
' Hours
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‘.'T_-_'. BEARING DEPOSITION TEST SUMMARY

MONSANTO RESEARCH CORPORATION
Test No. 48-314
Sample No. 2000273 (0-79-10) & 2000275 (0-79-12)

(Rig No. 1 )

DEPOSITS SLUDGE
End Cover Inlet Screen .183
Spacer & Nut Outlet Screen .235

Heater Front
Heater Rear

TOTAL 418

— 0N OO W

S L9 o
e« s e s e e
UV ONNOD

Seal Plate
Bearing 27
OIL CONSUMPTION, ml/hr 7.1
OVERALL RATING 33.0
SUMP= METALS
Sides Lt. Varnish Aluminum -0.020
Bottom Lt. Varnish Silver -0.020
Bron:ze +0.079
: ; Steel -0.020
Ak
No:; mch:)ded in the overall M-50 Steel +0.079
rating above. Waspaloy -0.040
Titanium -0.040
VISCOSITY T.A N.
50 , 5 , —
% Change: __,g 3 _ .Change: " 11.32_ @ _: "
1 S — S R S ———
30| — - 3 . :
. : : N b
-" 20 — 2 |mis i e
: T AR SaC
| ot 1 o AT
h \L_C_C,—Q*‘@'O'O__C‘A - o \-"6 e e .
0 S : o - '
10 20 30 40 50 10 20 30 40 50
Hours Hours
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ALCOR Inc.
10130 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-1-7808H QUALITY CONFORMANCE

CUSIOMER ~ Monsanto Research Corporation DATE August 19, 1981

Sf‘\\”'l'E_ L _] 9_97}15:3,* Batch 0-79-9

Specification Results

PHYSICAL § CHEMICAL FROPERTIES

Neutralization Number (T.A.N.) 0.30 Max
Viscosity @ 210°F, cs 3.0 Min
Viscosity € 100°F, cs Report
Flash Point (COC), °F 400.0 Min
Evaporation, 6.5 Hrs & 400°F, Wt. Loss, % 30.0 Max

TRACE SEDIMENT
Frecipitation, ml/200 ml 0.005 Max

PARTICULATE CONTAMINATION

Contamination, mg/ltr 10 Max

FOANMING CHARACTERISTICS, STATIC

T 176°F, Volume after 30 min. aeration, ml 100 Max
Collapse time, sec. 60 Max
FOAMING CHARACTERISTICS, DYNAMIC
176°F, Volume at 1000 cc air, cc 100 Max
Collapse time, min. 60 Max
Volume € 1500 cc air, cc 150 Max
Collapse time, min. 60 Max
Volume & 2000 cc air, cc¢ Report
Collapse time, min. 60 Max
230°F, Volume @ 1000 cc air, cc 100 Max
Collapse time, min. 60 Max
Volume @ 1500 cc air, cc 150 Max
Collapse time, min, 60 Max
Volume @ 2000 cc air, cc Report
Collapee time, min, 60 Max
LEAD CORKOSION, 1 Hr & 325°F
T wt. Change, raoand o 6 Max
STIVER & Rk ONCE (RN CTON, 50 Hrs @ 450°F
TSy lver k. Chatge oy s T 3.0 Max -
Eronze, AWLMo, ind 3.0 Max -

147
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0.17

3.1
12.8
435
18.2

0.000

10 ml
61.7 se
10 ml
1.3 ml
20 ml
58.5 se
10 ml
50.9 se
15 ml
55.6 se
0wl
51.6 se
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MIL-L-7808H QUALITY CONFORMANCE

ﬂ”ELAS{Q&EEAEQNPATIBILITY, 168 Hrs @ 158°F
° Swell

FA SLASTOMER COMPATIBILITY, 72 Hrs @ 347°F

% swell T
Tensile Strength, % Change
Elongation, % Change
Hardness, No. Change

QVI ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F

% Swell
Tensile Strength, % Change

Elongation, % Change
Hardness, No. Change

FS ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
% Swell
Tensile Strength, % Change
Elongation, % Change
Hardness, No. Change

DEPOSITION NUMBER (see attached data sheet)

Deposit Number
Viscosity Change, %
TAN Change

011 Consumption

ACCELERATED STORAGE STABILITY €@ 230°F

Lead Wt. Loss, mg/inZ
48 Hrs
1¢8 Hrs

VISCOSITY STABILITY, 3 Hrs @ -65°F

Original 0il, cst
3 Hrs, cst
Viscosity Change,

o

VISCOSITY STABILITY, 72 Hrs @ -65°F

Original 011, cst
72 Hrs, cst
Viscosity Change,

o®

WORKMANSHIP

Clear, Transparent

*Corrected results

R e T Te————— ud e B Tt -a i B A0

§pgcification Results
12.0-35.0 +28.5
2.0-25.0 +16.4
S0 Max - 1.6
50 Max +24.6
20 Max -10
2-30 + 7.4
50 Max -59.2
50 Max -34.3
20 Max -5
2-25 Max + 5.2
50 Max -58.9
50 Max -30.4
20 Max -5

1.5 Max 0.16
Report 73.4
Report 15.65
Report 125

25 Max —it
150 Max ~2524.0-
17,000 Max 12,805
17,000 Max 12,691
6.0 Max 0.9
17,000 12,805
17,000 11,039
6.0 Max 13.8
Report Clear
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AMIL-L-7808 DEPOSITION TEST

2R B R T ——
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WAICJONEE a0 R ik RDEE P C Bl 32V

SAN ANTUNID TUXAS TB286 5.2 32y JI71

TVUST I URRICANT
craonATION . D fonsanto, Sample_ 1997659, Batch 0-79-¢ - e
;rsT~NO 4164 DaTE__ 8/3/8] oPeEraTOrR Pavlicek, Trawick
“Cering Tube 590°F Oil In 300°F Oil Flow 300 cc/min Air Flow 300 cc/min
T T T TEMPERATURES, *F
! - T cor N TUBE HLAYER | AlR ROTO- oL FILTER
- RS TinE [—Q:Ltr\ oL ouT CAPF AIR VOLTS ] METEK LEVEL PRESSCRE
; J i ”*_) ;z VAP Sp q
S ] e s oenlecel copleegl i liss i a5 | 0 / /)
5 o << ,I STl NP Sl oll BELUL A B st e 1 /5. < o < ) o
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Cro PEVEL Test Section A Tube No. 2
[\‘* -— - -] Oil Cons., cc 125 Cooler Sludge Ciean
r N — el
ﬂ ‘ Z 5 v .
! | - ; 'g - 'é z C('Jklng Tube, gm .015
b= =z < & < - Filter Sludge, gm .013
L__; | o 2 - :; = [ &
o -~
P i DEPOSIT RATING  -16 L
| Viscosity TAN
Before 12.86 .17 150
A.fter 22.2 15.82
Clrange 9.4 15.65
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ALCOR Inc.
10150 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-1-7808H QUALITY ( CONFORMANCE

CUSTOMER - Monsante Rescarch Corporation DATE August 19, 1958]

SWPTE:r 109TtE8, Ratch 0-79-11

§chifi£aiion Results

Py elCAL & CHIMICAL PROPERTIES

Ncutralization Number (T.A.N.) 0.50 Max 0.17
Viscosity € 210°F, cs 3.0 Min 3.2
Viscosity & 100°F, cs Report 12.5
Flash Foint (C0OC), °F 400.0 Min 435
Fvayoration, 6.5 Hrs @ 400°F, Wt. Loss, % 30.0 Max 17.8
TRACE SEDIMENT
Frecipitation, ml1/200 ml 0.0U5 Max C. 000
PARTICULATE CONIAMINATION
Contumirnation, mg/ltr 10 Max ¢.02
FCX ’I\G_Eﬁ155CTi5{i£l9§ﬂ_QIAT]C
176°F, Volure after 30 min. aeration, ml 100 Max 30 ml
Collapse time, sec. 60 Max 4.5 <o
EQ}MI\G CHARACTERISTICS, DYNAMIC
176°F, Volume ¢ 1000 cc air, cc 100 Max 10 m1
Collapse time, min. 60 Max 3005 e
Velume @ 1500 cc air, cc 150 Max il
Collapse time, min. 60 Max 1.0
Volume @ 2000 cc air, cc Report 10 rml
Collapse time, min. 60 Max 31.¢€
‘_ 230°F, Volume € 1000 cc air, cc 100 Max 0 m
i Collapse time, min. 60 Max 286
w Volume @ 1500 cc air, cc 150 Max 10w
v Cellapse time, min. 60 Max S04
" Volume & 2000 cc air, cc Rcport 10 7]
F’ Collapse time, min. 60 Max PRSI
" LEAD CURROSION, ) Hr e 325°F
W Change, ng/l 6 Max Lo
" SILVER & BRONZE CORROSION, S0 Hrs € 450 F
P! ~ Silver Wt. Change, mg/lﬁ7 3.0 Max S0
. Bronze, A¥S54616, mg/in? 5.0 Max N
151
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MIL-L-7808H QUALITY CONFORMANCE

H ELASTOMER COMPATIBILITY, 168 Hrs € 158°F

% Swell

FA ELASTOMER COMPATIBILITY, 72 Hrs € 347°F
% Swell T T
Tensile Strength, % Change
Elongation, % Change
Hardness, o. Change

QV1l ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
% Swell
Tensile Strength, % Change
Elongation, % Change
Hardness, No., Change

3

ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
% Swell

Tensile Strength, % Change

Elongation, % Change

Hardness, No., Change

DEPOSITION NUMBER (see attached data sheet)
Deposit Number
Viscosity Change, %
TAN Change
011 Consumption

ACCELERATED STORAGE STABILITY @ 230°F
Lead Wt. Loss, mg/in2
48 Hrs

168 Hrs

VISCOSITY STABILITY €@ 3 Hrs ¢ -65°F
Criginal 011, cst
Viscosity Change, %

3 Hrs, cst

VISCOSITY STABILITY, 72 Hrs @ -65°F
Original 0Oil, cst
Viscosity Change, %
72 Hrs, cst

WORKMANSHIP

Clear, Transparent

*Coirected results

L ST G R S YW i SR W U Uy PR D S Y Ww

Spcgifxcation

12.0-35.0

2.0-25.0
50 Max
50 Max
20 Max

2-30 Max
50 Max
S0 Max
20 Max

2-25 Max
50 Max
50 Max
20 Max

1.5 Max
Report
Report
Report

25 Max

150 Max

17,000 Max

6.0 Max
17,000 Max

17,000 Max
6.0 Max
17,000 Max

Report

1
D
[Vale ol ¥3)

~ U1 O

+ 5.8
-46.
-26.1
-5

—

95.2
21.77
150

11,417

0.3
11,381

11,417
11.5
10,100

Clear
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“MHM.-L-7808 DEPOSITION TEST Vs o
| Slcer frie.

YOVIC JONES MALTSBIRCER ROAD _F D 802 32916

TEST LUBRICANT SAN ANTONID YEXAS 78284 _ 8:2.048-311
DESIGNATION Monsanto, Sample 1997658, Batch 0-79-11

d TEST NO. 4465 DATE 8/4/81 oPErRAaTOR FPavlicek, Revet, Trawick -
Coking Tube 590°F - Oilln 300°F -+ Oil Flow 300 cc/min + Air Flow 300 cc/min
TEMPERATURES oF T
ouRS TiME ow N | ouour i°"'”° . — can A | NGUTS [ MMeTen | sver | earseons
sanr | 1225 2p0 | a2l Sopl 249 JiG | 190 f 2S5 | p 70
1415 YRop lecn] Jeplegpl e ] g9pl 251 o .50
) 4 1200l 450 | 5ol c<p | g | ispl 2 <] e,
1T < 20¢C | 440 Cen | £<p It g '“pl 295 0 70
2 A< 200 aap| Z9p | =c5| 116l 15p | D< O . %0
V£ 1= 1 3pp | 44861690 | 540 116 190 | 2¢ 2 .
- 3 AS | IpO| 445 | S9p | cL© AN 190 2 < i L F~
' 7 S L orp | 445 | <90 | 4o ne | s | 29 ) RZa
4 A< 1 2pn | #Sn| €9n| 55| - 196 | 2< | S7
L ,;.JA_'_E_IS 2eo | 4<p | €90 SCO i SN 2.9 s e
> 25 | 2pop | 4ac| c90| 555] .- 5ol 2SS | ¢ %
t 918 | 2an |l A4ag| 55| 550 - 1501 2.4 N .Cn
| 6 AC | 200 ) 44pl <54 | c45] ¢ 74 29 r .9
{__ 20 = | 3n@ | 44c| €sp | €S| i ] 2<€ A LS/
7 4-< Porcl ASD | £5%.31 S4LO sl 29 ol B P
g 2 T | 3pp | 450 €910 S¢o| 1, 191 2.€ C 7l
pa | 8 45 | 3ne)| H60 | s9p| S50} 1w 1% Z2< | o 5cC
[ 221 | 2co | Y55 | ss50 | Sto| 46| 90| 9.5 | © 70
S 4 G | 200 | H5D| S90 1 560 | y16 | /72512, | & | .9¢
- 23 ~ 136c | 455 1890 | s¢gec | )L [5512.5S | O Jl.0o
*LQ 10 2 |30C | =80 | 890 |lses | )/€é | (95| 2.1 0 | [.¢cC
L 24 - |2pC | HEE N 5C (5h0 | /7L | /28 12,8 © |[)].cc
SRR ~c|3cC | 450 €5 565 [ 1/C | 175 1251 © |lco
- 011513500 [ HED | 590 5o | /7L | /)5S 12,81 © (/.0
Fe | 12 << |500 |H50 1890 |s¢e |16 | 1951285 | o |lo |
i : OlL LEVEL Test Section D Tube No. 3
;‘ I'— | " 2) 0Oil Cons., cc 150 : Cooler Sludge Light
o2 s 3z ~ Coking Tube, gm .046
L = 28] & = 28 Filter Sludge, gm .022
- L- d J =) g ;
é 1 ; DEPOSIT RATING .48
. Viscosity - TA 154
- Before 12.5 .17
B After 24.4 21.94
o Change 11.9 21.77
L rhrnna +Q8 ?




AICOR Inc.
TOT30 Joenes Maltsberger Road
Sun Antonio, Texas 78264
(512) 349-3771

MIL-L-7808H QUALITY CONFORMANCE

CUSTOMLR Mensanto Research Corporation ~  _PAIE November 4, 1981 . _
SMPLE 1997693, Batch 0-79-13
3 Specification Results
- FHYSICAL & CHEMICAL PROPERTIES
- Neutralization Number (T.A.N.) 0.30 Max 0
, Viscosity @ 210°F, cs 3.0 Min 3‘25
- Viscosity @ 100°F, cs Report 12':
] Flash Point (COC), °F 400.0 Min 450
s Evaporation, 6.5 Hrs €& 400°F, Wt. Loss, % 30.0 Max 5 o
é TRACE SEDIMENT
Frecipitation, ml1/200 ml 0.005 Max 0.0
3 PARTICULATE CONTAMINATION
' Contamination, mg/ltr 10.0 Max 0.0
FOAMING CHARACTERISTICS, STATIC
176°F, Volume after 30 min. n. aeration, ml 100.0 Max 10 m1l
Co]]apsc time, sec. 60.0 Max 1
FOAMING CHARACTERISTICS, DYNAMIC
176°F, Volume @ 1000 cc air, cc 100.0 Max 10 ml
Collapse time, min, 6G.0 Max 40.3 sec.
Volume @ 1500 cc air, cc 150.0 Max 10 ml
Collapse time, min, 60.0 Max 49.5 sec.
Volume € 2000 cc air, cc Report 10 ml
Collapse time, min. 60.0 Max 41.9 sec.
230°F, Volume @ 1000 cc air, cc 100.0 Max 10 ml
Collapse time, min 60.0 Max 48.6 sec.
Volume @ 1500 cc air, cc 150.0 Max 10 ml
Collapse time, min. 60.0 Max 48.2 sec.
Volume @ 2000 cc air, cc Report 10 ml
Collapse time, min, 60.0 Max 52.1 sec.
IFAD CORROSION, 1 Hr @ 325°F
kt. Change, mg/lﬁY 6.0 Max 0.4
SILVER & BRONZE COKROSION, 50 Hrs @ 450°F
Si1lver Wt. Change, mg/in 3.0 Max 0.0
Bronze, AMS4616, wg/lnz ' 3.0 Max -0.4
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MIL-L-780SH QUALITY CONEORMANCE

168 Hrs € ]58 F

H ELASTOMER COMPATIBILITY,
%, Swell o

72 Hrs @ 347°F

FA 11ASFOVPR COMPATIBILITY,
% Swell S
Tensile Strength, % Change
Elongation, % Change
Hardness, No., Change

QVI FLASTOMER COMPATIBILITY, 72 Hrs @ 3502°F

% Swell
Tensile Strength, % Change
Elongation, % Change

Hardness, No., Change

FS ELASTOMER COMPATIBILITY,
% Swell
Tensile Strength, % Change
Elongation, % Change
Hardness, No., Change

72 Hrs @ 302°F

DEPCSITION NUMBER (sce attached data sheet)
Deposit Number
Viscosity Change, %
TAN Change

0il Consumption

ACCELERATED STORAGE STABILITY @ 230°F

mg/in2

Lead Wt. Loss
48 Hrs
168 Hrs

VISCOSITY STABILITY @ 3 Hrs @ —65 F

Or1g1na] 011 “cst
Viccosity Chdnge, %
3 Hrs, cst

VISCOSITY STABILITY, 72 Hrs € -65°F
Original 011, cst
Viscosity Change, %
72 Hrs, cst

WORKMANSHIP
Clear, Transparent

*Corrected results
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Specification

12.0-35.0

0
50.0
50.0
20.0

50.0 Max
50.0 Max
20.0 Max

2.0-25.0
50.0 Max
50.0 Max
20.0 Max

1.5 Max
Report
Report
Report

25.0 Max
150.0 Max

17,000 Max

6.0 Max

17,000 Max

17,000 Max

6.0 Max

17,000 Max

Report

s Dl . x e )

Rpgu)[é

+ 5.2
-56.
-34.

W W0

+ 5,
-51.
-40.6
-5

i w

. 80
107.2
23.09
125

262 ((12.7)*
385+ (190.7)*

10,946
2.0
10,718

10,940
17.2
9,066

Clear
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o MIL-L-7808 DEPOSITION TEST

Wit Jun il
SEN BRI I
Batch 0-79-13

Morsanto Rescarch, Sample 1047693,

4472 9/22/81 ______OPERATOR Trawick, Re

_DbaTE vet,
IN0°F QOil Flow 300 cc/mm .

01l In

TYST NO.

r.rng Tube

S560°F

I

Q%'l'c@ f

_Pavl]ice}
Air Flow

p———

®
-

[T

10
,:'-«F L) SR A W

!l eS8 D Ly 7?1

300 (C/m n

13.4 23.09

Clange

i 3 B e e ""“"T T
c RSN TRy I — P AT ) . mLvE
R I R e koo C ol [ R

e 10930 lers | deos leco [ 7_;5‘_#; A SN RA R
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OlL LTVEL .
f\ Test Section A T:be No. 1
_ _ —] ©Oil Cons., cc_ 125 ~ Cooler Slucge Light
| ’ 2 2
! ! . ~Zl - Z Coking Tube, gm 076
A - z 3 = < Filter Siudge, gm .035%
L2 B
[/ DEPOSIT RATING .80
Viscosity TAN 158
Before 12.5 .25
siter 25.9 23.34




ALCOR Inc.
10130 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-L-78086H 1 QUALITY CONFORMANCE

SAMPLE 1997695, Batch G-79-6

Specification Results

FHYSICAL & CHEMICAL PROPERTIES

Neutralization Number (T.A.N.) 0.30 Max 0.22
Viscosity @ 210°F, cs 3.0 Min 3.3
Viscosity @ 100°F, cs Report 12.4
Flash Point (COC), °F . 400.0 Min 445
Fvaporation, 6.5 Hrs @ 400°F, Wt. Loss, % 30.0 Max 5.8

TRACE SEDIMENT
Frecipitation, m1/200 ml 0.005 Max 0.00

FPARTICULATE CONTAMINATION

Contamination, mg/ltr 10.0 Max 0.00

iQ\Hl\G CHARACTERISTICS, STATIC

176°F, Volume after 30 min. aeration, ml 100.0 Max 10 ml
Co1lapse time, sec. 60.0 Max

FOAMING CHARACTERISTICS, DYNAMIC -

176°F, Volume @ 1000 cc air, cc¢ 100.0 Max 10
Collapse time, min. 60.0 Max 7.8 sec.
Volume @ 1500 cc air, cc 150.0 Max 10
Collapse time, min. 60.0 Max 8.8 sec.
Volume @ 2000 cc air, cc Report 10
Collapse time, min. 60.0 Max 8.5
230°F, Volume @ 1000 cc air, cc 100.0 Max 10
Collapse time, min 60.0 Max 8.9 sec.
Volume @ 1500 cc air, cc 150.0 Max 10
Collapse time, min. 60.0 Max 10.1
Volume @ 2000 cc air, cc Report 10
Collapse time, min. 60.0 Max 10.5
LEAD CORROSION, 1 Hr @ 325°F
W, Changé“’ﬁ@/in T 6.0 Max 0.0
SILVER & BRONZE CORROSION, 50 Hrs @ 4%0 F
" Silver Wt. Change, mg/in2 3.0 Max +0.2
Bronze, AMS4616, mg/1n2 ' 3.0 Max -0.1
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MIL-L-7SUSH QUALITY CONFORM WCE

Specafication Results
H ELASTOMER COMPATIBILITY, 168 Hrs ¢ 158°F
e Swell 12.0-35.0 +26.0
FA ELASTOMER COMPATIBILITY, 72 Hrs @ 347°F
% Swell 2,0-25.0 +12.6
Tensile Strength, % Change 50.0 Max 0.0
Elongation, % Change 50.0 Max +13.8
; Hardness, No., Change 20.0 Max -5
QVI ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
% Swell 2.0-30.0 + 5.3
Tensile Strength, % Change 50.0 Max -41.9
Elongation, % Change 50.0 Max -20.7
Hardness, No., Change 20.0 Max -5
FS FLASTOMER COMPATIBILITY, 72 Hrs @ 302°F
% Swell 2.0-25.0 + 5.2
Tensile Strength, % Change 50.0 Max -48.2
Elongation, % Change 50.0 Max -40.6
Hardness, No., Change 20.0 Max -5
DEiOSITION NUMBER (see attached data sheet)
Deposit Number 1.5 Max .45
Viscosity Change, % Report 113.7
TAN Change Report 26.44
0il Consumption Report 75
ACCELERATED STORAGE STABILITY € 230°F
lead Wt. Loss, mg/inZ -
48 Hrs 25.0 Max 4185 ( 57.8)*
168 Hrs 150.0 Max B8-7  (288.5)*
VISCOSITY STABILITY @ 3 Hrs @ -65°F
Original 0il, cst 17,000 Max 10,351
Viscosity Change, % 6.0 Max -0.2
3 Hrs, cst 17,000 Max 10,331
VISCOSITY STABILITY, 72 Hrs @ -65°F
Original 011, cst 17,000 Max 10,351
Viscosity Change, % 6.0 Max -0.6
72 Hrs, cst 17,000 Max 10,289
WURIMIANSHIP
Clear, Transparent Report Clear

*Corrected results
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~'to Rescarch, Sumple 1997605,

_pate _9/23(81

- Oilln 300°F QOil Flow 300 cc/mi

__OPERATOR Trawichk,

Ty
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u\ u

RN
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Fatch 0-70.6

i T

Revet, Pavilic

n

-

lL\O

be

ek

Al

Air Flow 300 ce¢/min
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) Test Seotion D Tube Neo 3
e 01l Cons., cc ) Ccooler Slucge (Clean

Coxirg Tube

VARNISIH |

HEAVY

+ CLEAN

Filter Sludge,

gm )
gm '

v, l .
. ! 162 T ROSIT RATING 14_37 L
. Viscosity TAN
e Before 12.4 22
3 After 26.5 26.66
Cl=rge 14.1 26.44
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ALCOR Inc.
10130 Jones Malisberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-L-7808H QUALITY CONFORMANCE

CUSTOMER Monsanto Research Company DATE _ 1/q/82

SAMPLE 2000248, Batch 0-79-8

Specification Results

FRYSICAL & CHEMICAL PROFERTIES

T Neutralization Number (T.A.N.) 0.30 Max 0.08
Viscosity € 210°F, cs 3.0 Min 5 5
Viscesity € 100°F, cs Report 12.5
Flash Point (COC), °F 400.0 Min 435
Evaporation, 6.5 Hrs € 400°F, Wt. Loss, % 30.0 Max 15. ]

TRAZD SEILVENT

" Freciyitation, m1/200 ml 0.005 Max 0.000

PAvTLIULATE CONTAMINATION

" Ccrntanination, mg/ltr 10.0 Max 0.0

FCING CHARACTERISTICS, STATIC
176°F, Volume after 30 min. aeration, ml 100.0 Max 90
Collapse time, sec. 60.0 Max 26.4 sec

FCING CHURACTERISTICS, DYNAMIC

176°F, Volume € 1000 cc air, cc 100.0 Max 30 _

Collapse time, min. 60.0 Max 59.3 sec
Volume € 1500 cc air, cc 150.0 Max 45
Collapse time, min. 60.0 Max 63.0 sec
Volume @ 2000 cc air, cc Report 25
Collapse time, min. 60.0 Max 65.6 sec

230°F, Veolume € 1000 cc air, cc 100.0 Max 45

Collapse time, min 66.0 Max 47.6 sec
Volume €@ 1500 cc air, cc 150.0 Max 50
Collapse time, min, 60.0 Max 48.3 sec
Volume @ 2000 cc air, cc Report 50 R
Collapse time, min. 60.0 Max 61.8 sec

LEAD CORROSION, 1 Hr & 325°F
wt. Change, mg/in< 6.0 Max + 0.1

SILVER § BRONZE CORROSION, 50 Hrs € 450°F

T Silver wt. Change, mg/inZ 3.0 Max - 0.1
Bronze, AMS4616, mg/inZ? ' 3.0 Max 0.0
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HOEDASTOMER COMPATIRILITY, 168 Hrs € 158°F

“ Swell

FA ELASTOMER COMPATIBILITY, 72 Hrs € 347°F

% Swell

Tensile Strength, % Change

[

Flengation, % Change
lardness, No., Chuange

QVI ELASTOMER COMPATIRBILITY, 72 Hrs € 302°F

% Swell

Tensile Strength, % Change
Floncation, % Change
tHardness, No., Change

FS ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F

% Swell

Tensile Strength, % Change
Flongation, % Change
Hurdness, No., Change

[E7CSITION NUMBER (sce attached data sheet)

Deposit Number

Viscosity Change,

TAN Change

0il1 Consumption

ACCELERATED STORAGE STARILITY @ 230°F

Tead W. Loss, mg/in

48 Hrs
168 Hrs

VISCOSITY STABILITY € 3 Hrs @ -65°F
Original 011, cst
Viscosity Change,

5 Hrs, cst

VISCUSITY STARILITY, 72 Hrs € -65°F
"~ Original 011, cst
Viscosity Change,

72 Hrs, cst

R EMANSH Ip

Ciear, Transparent

*Corrected results

%x@;f;uﬁ;gg

12.0-35.0 +26.1
2.0-25.0 +16.2
50.0 Max -11.8
50.0 Max +10.9
20.0 Max -10
2.0-30.0 +14.6
50.0 Max -19.5
50.0 Max -14.0
20.0 Max -5
2.0-25.0 + 5.1
50.0 Max -50.4
50.0 Max -42.4
20.0 Max -10
1.5 Max 1.0
Report +85.6
Report 23.04
Repert 125
25.0 Max 36
150.0 Max 5681
17,000 Max 10,914
6.0 Max - 1.6
17,000 Max 10,738
17,000 Max 10,914
6.0 Max - 1.6
17,000 Max 10,741
Report Clear

Results
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| MIL-L-7808 DEPOSITION TEST ) o
e [cor inc.

WRICJUNLS MALTSBLRLEE ROAD  # L 822 3241
TEST LUBRICANT BAN ANTONIC TEXAS YE205 812 3493771
DESIGNATION Monsanto Research, Sample 2000248, Batch 0-79-8

8 TEST No.___4503 DATE _ 2/18/82 OPERATOR Revet, Trawick, Pavlice}
Coking Tube 590°F -+ Oilln 300°F - Oil Flow 300 cc/min + Air Flow 300 cc/min
5 TEMPERATURES, °F
; me i owm | onour R can win | VO | Nien | wever | eacsson
h [ s | 1230 1200|425 ) csplgg | g | ygs !t O3 O | 0.9
g 4 T O 20 | 440 "50' c4< " & 170 2 3 O I L.
S 30 1300 | 430 g5pl cenl 1 90! 2.2 o [ 1o
- | e gc lepel wzpl g9pl ssol el 9pl 22l o 1 1D
2 1 ap lzpp la4zplesp less i e Logso Lo oo | /le
et lzer lazplep ses | e 150! 22 o |
3 2o 1 300 | 430 | 0 | g5 i | /86 | 23 0 ¢ | O |
17 cC 1300 | 430 | o0 | 5= | pg | /90 | 2.3 e | 10!
5 5 |300 430 | 90 | &5 | yeo | /90 (2.3 | p @ C
_ v cc lzoc 430 l $90 | 55| e | 190 1 2.2 | ¢4 6 |
< ¢ ‘300 l430 | 5%0 | 55 16 | y9p 22 0 L0
e pc lzo0 1426 (5% | 55 L ite | 190 1 2.2 | p /.C |
¢ | 3r | 300 | 2430 [ 59 | Z50 | /e | /90 | 2.3 o | /. o]
. cpco lzcol4so | 5% s | e | /90 1 2.3 o | 10 |
S xo 1300 | 430 | 590 | £70 | e [P0 (2.2 | © 1.0
L o rze l00 '430 580 | 570 g 1190 23 1o | 2O
e | 20 | 300 (430 (590 | S0l e | 18¢ | 2.3 0 /.0
$ | o ool 3co (430 | 590 | g0 /78 | 250 (2.3 | © /.0
- 9 | snlnec (¥30 | £9¢C (x¢e | 1)L 119c 2.2 | ¢ /,¢ |
3 s ol Y3 59 (550 e 1150 12 3 e /]
&,‘ e 30 |30€ | 430 |99¢ (550 \yif | /90 (23 L O o
.l zaco |30c 4301890 556 e 117e 123 | € lr.e |
SRR 30 (300 | K30 550 |5506 /14 490 2,3 | 0 )0
L . o crce 3p0 (H3C|Ty £SO i€ [ 17e | 2.3 1 ¢ ()¢
FE" R ‘OILLfJ‘fLB” #3019 1550 (ilé 9 12.2 | £ ()C
[ N | ’ Tgst Section D _ Tube No. 4 ‘
Y — T: | 01l Cons., cc 125 Cooler Sludge Liynt
3 ' v
: o i % ;:E S g Coking Tuhe, gm 062
L ‘ o E ;fg ; ~ Filter Sludge, gm .079
/ 4 g DEPOSIT RATING _ i.0¢
: § Viscosity TAN 165
. BRefore 12.5 LO&
| ¢ After 23.2 23,12
! Change 10.7 23.04
: % Change +85.6
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ALCOR Inc.
10130 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-L-7808H QUALITY CONFORMANCE

CUSTCMER  Monsanto Research Company _ DATE 3/9/82

SAMPLE 2000247, Batch 0-79-15

Q)eCJflcatlon Results

PIYSICAL & CHEMICAL PROPERTIES

Ncutralization Number (T.A.N.) 0. 30 Max 0.06
Viscosity € 210°F, cs 3.0 Min 3.2
Viscosity € 100°F, cs Report 12.4
Flash Point (COC), °F 400.0 Min 435
Evaporation, 6.5 Hrs €@ 400°F, Wt. Loss, % 30.0 Max 17.5

TRACE SEDINENT
Precipitation, ml1/200 ml 0.005 Max 0.000°

PARTICULATE CONTAMINATION

Contanlnatlon mg/ltr 10.0 Max +0.01

FOAMING CHARACTERISTICS, STATIC

176°F, Volume after 30 min. aeration, ml 100.0 Max 120
Co]]apse time, sec. 60.0 Max 29.1sec

POANI\C CHARACTERISTICS, DYNAMIC

176°F, Volume €@ 1000 cc air, cc 100.0 Max 30
Collapse time, min. 60.0 Max 46  sec
Volume €@ 1500 cc air, cc 150.0 Max 50
Collapse time, min. 60.0 Max 50.5 sec
Volume @ 2000 cc air, cc Report 30
Collipse time, min. 60.0 Max 58.9 sec
230°F, Volume €@ 1000 cc air, cc 100.0 Max 30
Collapse time, min 6.0 Max 43.5 sec
Volume € 1500 cc air, cc 150.0 Max 35
Collapse time, min. 60.0 Max 435.7
Volume @ 2000 cc air, cc Report 30
i Collapse time, min. 60.0 Max 46.1
? LEAD CORROSION, 1 iHr @ 325 F
: T Wt. Change mg/ind 6.0 Max 0 2 (+0.1)°
X STLVER & BRONZE CORROS]ON 50 Hrs & 450°F
' "Silver Wt. Change, mg/1n2 S T 3.0 Max -0.1
. Bronze, AMS4616, mg/in2 ' 3.0 Max 0.0

*Corrected results 167
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AN
L MIL-1-7808H QUALITY CONFORMANCE
- Specification  Results
La_ H ELASTOMER COMPATISILITY, 168 Hrs @ 158°F
L © Swell 12.0-35.0 +27 8
- FA FLASTOMER COMPATIBILITY, 72 Hrs € 347°F
% Swell 2.0-25.0 +15.0
Tensile Strength, % Change 50.0 Max -25.3
Elconpation, % Change 50.0 Max - 5.4
1 Hirdness, No., Change 20.0 Max -10
QVI ELASTOMER COMPATIBILITY, 72 Hrs & 302°F
A Sne‘]l 2.0"‘30.0 +17.2
’. Tensile Strength, % Change 50.0 Max - 9.2
4 Elongation, % Change 50.0 Max - 2.9
Hardness, No., Change 20.0 Max 0
' FS_ELASTOMER COMPATIBILITY, 72 Hrs € 302°F
% Swell 2.0-25.0 + 6.6
Tensile Strength, % Change 50.0 Max -31.9
Elongation, % Change 50.0 Max -25.8
Hardness, No., Change 20.0 Max -10
LLPOSITION NUMBLR (sce attached data sheet)
Deposit Number 1.5 Max .71
\’1<c091t) Change, % Report +79.8
TAN Change Report 23.38
011 Consumption Report 125
ACCFLE_R_AT_EQ_STORAGE STABILITY @ 230°F
Lcad Wt. Loss, mg/inZ
| 48 Hrs 25.0 Max H9 (5.7)*
F 168 Hrs ’ 150.0 Max &5 (42.7)%
[ VISCOSITY STABILITY @ 3 Hrs @ -65°F
[ Original 0il, cst 17,000 Max 11,213
— Viscosity Chdnge, % 6.0 Max - 3.5
[+ 3 Hrs, cst 17,000 Max 10,823
VISCOSITY STABILITY, 72 Hrs @ -65°F
Original 0il, cst 17,000 Max 11,213
: Viscosity Change, % 6.0 Max -19.0
- 72 Hrs, cst 17,000 Max 9,085
!__!‘
WOREMANSHIP
Clear, Transparent Report Clear
° *Corrected results
168
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. MIL-L-7808 DEPOSITION TES!

¢ TEST LUBRICANT

L

e

Monsanto Research, Sample 2000247, Batch 0—79-l§

(_Jicor inc.

N30 JUNLS MALTSEERLER RDAD _ P O BOX 3245
AN ANTONIC TEXAS TB208 _$12:340-21

. DESIGNATION
[ TEST NO. 4502 DATE 2/17/82 OPERATOR Revet, Trawick, Pavlicel
{a Coking Tube 590°F Oil In 300°F Oil Flow 300 ¢c/min * Air Flow 300 c¢/min
TEWPLRATURES, 7
MOURS TIME ou;ln ) OXL‘OUT foxmc T::isp CAB““" '?o?-rt: u.:r;z;:o l.f\lfxl-:L pf:ﬁ::
‘4 = < | 2o la30 ] g9mnl €2 116 | 155 | 2.% o bty
< - | LU 4251 c6pn ]l =< 1E 18l 2 3 o [
S 1300 azo |l c9nlz2p) gy 190 221 o 1o
N i‘«cb 47’1! 9o !l €235 | 116 120} 2.3 @) L0
sc iver laspl rsp leapl e | 19n 22| p (O
.« | Zeo 4320 | 590 S 30 ] 1/¢0 f /90 | 2.3 o) ] /.0 |
s | 300 (450 | 59 | 520 1706 | 190 | 2.2 6 | 10
§ . pS | Joc (430 | 59c | 520 26 | /90 1 2.3 | O 1.0
> (3co lezg | 590 | 530 | /6 1 /20 1 2.3 | © yie]
s | 200 ]430 590 | £=0 | //C 1( /Co | 22 c /,0
. ~ - =mp0 14370 e lossl 1/ 1 y90 1 2.3 | o~ 1 L0
= - rr< 1300 {‘5‘5’514"0 550l s (/76 123 | & | SO
f. b > s {700 :L435 90| 501 e | /90 123 | o ;) O
ol Sirc | 3co | #85 | sa0| 55| g | 9027 0 | 2.C
T 2c | Soc | 435 £4¢| 55¢! e | /fe 2z < /
- clzto lyzg | s ser| g6l yeclzs | e Ll
L8 ~s |300 | 438 | 890|525 | /76| [9€12.3 | O L/.O
| | 22cc 300 (Y385 | 59| ivs | y20]2.2 | © |1,¢
5 | s c |?0C (/3518590530176 | /912,32 | ¢ /. C
| zapc 300438159020 1/g | J9012.3 | & |1 E
10 : s |3¢c e |\y3E | 550 |T2e |1/ L 1ec| 2,351 D /<
L | 2 1oc ioo |u35|s5p s3] /4| s50l2.5 10 |/.C
RN 2 |300 |H3% | 590 |§30 1//é | /90 12.3 | & /¢ |-
S | Gops |300 9385 (890 (525174 | /5212 21 0 1o |
¢ L2 s lzoe |¥is | ~Sclsaziise | /5012.2 0 [1c |
‘ [\ oI lfvzl' Test Section c Tube No. 3
— ] = Qil Cons., cg_—lf_: Cooler Sludgetican
) ; } i z | S% > ;Z.;; §§l C.oking Tube, gm Ofi
t‘. LJ | L_; l gu E S go‘: Filter Sludge, gm 037
1/ E % DEPOSIT RATING .71
Viscoeity TAN 170
Before 12.4 .06
" After 22.3 23.44
Change 9.3 23.3%
- % Chanoe +79.8
. . L L e e e




ALCOR Inc.
10130 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

CUSTOMER Monsanto Research Company DATE 7/8/82
SAMPLE 2000273 (0-79-10)
Specification Results
PHYSIQAL & CHEMICAL PROPERTIES
Neutralization Number (T.A.N.), max 0.30 0.11
Viscosity @ 210°F, cSt, min 3.0 3.1
Viscosity @ 1(1°F, ¢St Report 12.1
Flash Point (COC), °F, min 400.0 420
Evaporation, 6.5 Hrs @ 400, Wt. Loss, %, 30.0 .8.9
K TRACE SEDIMENT
£X Precipitation, ml1/200 ml, max 0.005 0.000
ﬁj PARTICULATE CONTAMINATION
h Contamination, mg/ltr, max 10.0 0.1
. FOAMING CHARACTERISTICS - Static
- 176°F
- - Volume after 30 min aeration, ml, max 100.0 65.0
= Collapse time, sec, max 60.0 17.7 sec
h FOAMING CHARACTERISTICS - Dynamic
- 176°F
- Volume @ 1000 cc air, cc, ml, max 100.0 40.0
F Collapse time, min 60.0 Max 34.0 sec
- @ 1500 cc air, cc, ml, max 150.0 80.0
- Collapse time, min 60.0 Max 59.9 sec
h @ 2000 cc air, cc, ml Report 90.0
Collapse time, min 60.0 Max 63.2 sec
3 230°F
oy Volume @ 1000 c¢c¢ air, cc, ml, max 100.0 30.0
- Collapse time, min 60.0 Max 54.1 sec
@ 1500 cc air, cc, ml, max 150.0 60.0
Collapse time, min 60.0 Max 55.3 sec
@ 2000 cc air, cc, ml Report 60.0
Collapse time, min, min 60.0 Max 56.5 sec
LEAD CORKOSION, 1 Hr @ 325°F
Wt. Change, mg/inZ, max 6.0 270 (1.0)*
SILVER & BRONZE CORROSION, 50 Hrs @ 450°F
Silver Wt. Change, mg/inZ, max 3.0 -0.1
Bronze, AMS4616, mg/in2, max 3.0 -0.
*Corrected results
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MI1-1-7808H QUALITY CONFORMANCE

- . o A e e s

H ELASTOMER COMPATIBILITY, 168 Hrs @ 158°F

T T W T T e T

Swell, % , max

FA ELASTOMER COMPATIBILITY, 72 Hrs @ 347°F

Swell, %, max

Tensile Strength, % Change
Elongation, % Change, max
Hardness, No., Change, max

, max

QVI ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F

Swell, %, max

Tensile Strength, % Change
Elongation, % Change, max

Hardness, No., Change, max

, max

FS ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F

Swell, %, max

Tensile Strength, % Change
Elongation, % Change, max
Hardness, No., Change, max

, max

DEPOSITION NUMBER (see attached data sheet)

Deposit Number, max
Viscosity Change, %
Total Acid Number (T.A.N.)
0il Consumption, cc

ACCELERATED STORAGE STABILITY @ 230°F

Lead Wt. Loss, mg/in2, max
48 Hrs, max
168 Hrs, max

Viscosity Change, %, max
72 Hrs, cSt, max

WORKMANSHIP
Clear, Transparent

*Corrected results

‘30w s e 7
s e

VISCOSITY STABILITY, 3 Hrs @ -65°F
Original, c¢St, max
- Viscosity Change, %, max
s 3 Hrs, cSt
- VISCOSITY STABILITY, 72 Hrs @ -65°F
‘! Original, cSt, max

PO T P W
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Page 2 of 2

Specification

12.0 to 35.0

2.0 to 25.0
50.0
50.0
20.0

2.0 to 30.0
50.0
50.0
20.0

2.0 to 25.0
50.0
50.0
20.0

1.5
Report
Report
Report

17,000
6.0
17,000

17,000

17,000

Report

+28.

+14,
+32.
+45 .,
- 5.

+12.
-45.
-14.
-10.

+ 6.
-52.
-42.
- 5.

+76.
18.

90

gesults

0

[=N el eNle]

WO

O O 0N

59

+H=8
s

11,041

+1.6

11,218

11,041
-13.4
9,737

Clear

{ 5.7)*
(123.9)*
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TEST NO

TEST LUBRICANT
DESIGNATION

MIL=L=/808 DEPOSHIUN

ES

Monsanto Research, Sample:

200

273 (0-79-10)

i S S osih i adnaty sumaly

(Vleor inc.

MNDL SUNLS MAISBERGER KORD [ BL 325
SAN ANIONID YLRAS 8208 512 34 277,

4513

DATE

6/8/82

;‘ Coking Tube 590°F

Oil In 300°F

OPERATOR Trawick,

Pavlicek

Oil Flow 300 cc/min

Air Flow 300 cc/min

- : : - v . VOLTS | METER | LEVE. | PRESSCRE
E | wer L /5008 1200 | Y40 590 |5HS ()16 /90 1 2.3 o (1o
| 7C__120C |Jyo | K90 550 |)(é /90 | 2.3 6 1o
LY 1gicc 300 |WHO |50 555 /)¢ j190) 2.3 0 |/.0
A e 2l (WS el 106 Vyspl a2l o |7 ¢
L 2 ncocc TeolwHolTsc 245 i [yl sie lye
ﬂ | ! E14) lﬁ’pc Ju5 1590 |syeo 1]l é 19012, 3] ¢ /&
D 3 leyce 1300 y5\5%0 |c45 1116 1190 12.3] 0 /.0
. =20 300 440|590 |£56C |/ € | 1901 2,31 0 1/.¢
3 4 i»,zc-c s 2435 | <5p | S4< /1 ¢ 190 12.3 0 /. C
% é | 30 ¥ el 440 csp | S50 Ik 190 o 2 c [A )
5 t=xre l Lo | 24D Sfo | €D | 114 so 1 2 32 @) [.0
; | 26 e liwe | cop Jecs |y 157 | 2.3 e .
| ¢ vl | 2 | AL gsc e A 1950 | 2% o | 1] |
/ =7 |30 | 240 cop s | i 22 2.2 ¢ I < |
T i 10O | a3 240 | eop | cso l 1t 19 2.2 O ! DJ
; 5 “( ! z20C 440 | 50 <<n A (p | 2.2 c / i
& _coct U spp | a4 L seo | emol u. | ass | o0 c s
- ‘,m_gg | 3,z lezac | S5 £Ts5 1 ! 190 | 0.2 e )
. ¢ c 20 ' 2c0 220 | cs5p o, A 19D 2.2 o 1D
- ;__, | -7 ! 2oL lA/»F <se ccg " 5o & 2 - .0
- 10 1rdcc Do, leso | cas e, | ¢ 161 | 5 - r N
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.r OIL LEVEL Test Section C Tube No. 3
[\, J] Oil Cons., cc_j— Cooler Sludge Ciearn
[ | Z " | .
S ! | z ‘_:g e ’é‘ ?_‘,:él §9lk1ngsTube, gm .Oi]
. oy <« T <= < ilter Sludge, gm .021
= | G I= | = 7 =
E: - t : DEPOSIT RATING .33
Before Vlac1023.1]ty T‘A:rl\‘l 174
: After 21.4 18.7
§ Change 9.3 18.59
% Change +76¢.9
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ALCOR Inc.
10130 Jones Maltsberger Road

San Antonio, Texas 78284

(512) 349-3771

CUSTOMER _Monsanto Research Company

SAMPLE__ 2000268 (0-79-14)

PHYSICAL § CHEMICAL PROPERTIES

——— @ T T W T v T e T w e

DATE  July 7, 1982

Neutralization Numﬁér—(T.A.N.), max

Viscosity @ 210°F, c¢St, min

Viscosity @ 100°F, cSt

Flash Point (COC), °F, min

Evaporation, 6.5 Hrs @ 400°F,
Wt. Loss, %, max

TRACE SEDIMENT
Precipitation, ml/200 ml, max

PARTICULATE CONTAMINATION
Contamination, mg/ltr,

max

FOAMING CHARACTERISTICS -
176°F

Volume after 30 min

Collapse time, sec,

Static

aeration,
max
FOAMING CHARACTERISTICS - Dynamic
T 176°F
Volume @ 1000 cc air,
Collapse time, min
@ 1500 cc air,
Collapse time, min
@ 2000 cc air, ml
Collapse time, min
230°F
Volume @ 1000 cc air,
Collapse time, min
@ 1500 cc air,
Collapse time, min
@ 2000 cc air, ml
Collapse time, min

cc, ml,

cc, ml,

cc, ml,

LEAD CORROSION, 1 Hr @ 325°F
Wt. Change, mg/inZ, max

SILVER & BRONZE CORROSION, 50 Hrs @

TSilver wt. Change, mg/inZ, max
Bronze, AMS4616, mg/in2, max

*Corrocted results

ml, max

max

cc ml, max

max

max

175

Specification

0.30
3.0
Report
400

30.0

0.005

10.6

100

60

100
60 Max
150
60 Max
Report
60 Max

100
60 Max
150
60 Max
Report
60 Max

6.0

(S
oD

Resulgg

0.14
3.1
11.7
395

17.5

0.000

0.0

35
21.3

30
38.0
50
45.9
60
57.5

sec

sec

sec

10
36.3
30
40.1
30
41.0

sec
seC

sec

69 (05




MIL-1-7808H QUALITY CONFORMANCE

11 ETASTOMER COMPATIBILITY, 168 Hrs @ 158°F

Swell, %, max

FA ELASTOMER COMPATIBILITY, 72 Hrs @ 347°F

T Swell, %, max T
Tensile Strength, % Change, max
Elorgation, % Change, max
Hardness, No., Change, max

QV1 ELASTOMiR COMPATIBILITY, 72 Hrs @ 302°F

TR E Y TR TRV W T

Swell, %, max
Tensile Strength, % Change, max

Ilongation, % Change, max
Hardness, No., Change, max

FS ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
swell, %, max
fensile Strength, % Change, max

Elongation, % Change, max
Hardness, No., Change, max

DLEPOSITION NUMBER (see attached data sheet)

~ [wposit Number, max
Viscosity Change, %
Total Acid Number (TAN)
011 Consumption, cc

ACCELERATED STORAGE STABILITY @ 230°F
Lead Wt. Loss, mg/inZ
48 Hrs, max

168 Hrs, max

VISCOSITY STABILITY - 3 Hrs @€ -65°F

"~ Original, cSt, max
Viscosity Change, %, max
3 Hrs, c¢St, max

\ISCOSITY STABILITY, 72 Hre @ -65°F

© Original, cSt, max
Viscosity Change, %, max
72 Hrs, c¢St, max

WORRMANSHIP

Clear, Transparent

*Corrected results

Specification

12.0 to 35.0

2.0 to 25.0
50.0
50.0
20.0

2.0 to 30.0
50.0
50.0
20.0

2.0 to 25.0
50.0
50.0
20.0

1.5

Report
Report
Report

17,000
6.0
17,000

17,000
6.0
17,000

Report

Page

Results

+20.5

~]

+13.
-22.
-12.
-10.

o Y

O~ O

+ 6.
-55.

[ 3o BP Ve

-10.

i Y
o
~3
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[, MiL-1L-7808 DEPOSITION TEST

()@EC@L" EELCo

MNICJUNES MAISELKLEW RGAC P C BOR J253¢

.- TEST LUBRICANT . SANANIONID TEXAS 78284 512:3% 3701
. DPESIGNATION__Monsanto Research, Sample: 2000268 (0-79-14)

4511 DATE 6/2/82

Oil In 300°F

OPERATOR _Revetr, Trawick, Pav]icek
Air Flow 300 cc/min

TEST NO

Cokirg Tube 5G90°F

01l Flow 300 cc/min

i j TEMPERATURES 7
i - mE owm | onwour P Bweas OUPUIN IRt R Msl I 4t
g | v 5o lhae | 4oo |30 | Sus | s |jag |22 | o lio
i _ - 7o 4258 £ag YA s 190 Q.32 & /.0
{ 1 -7 oo L-7 ate Lo 11 5 2.2 <(’ [.O
r i -~ Ter upr |0 L - - ) G /.3
qa 22 - 2~c  |ly2e | 590 1844 | 5 | 170 2.3 o /.0
' | - 300 “20 £y | LA s e 2.z o) C
3000 oux oo |20 | #Sc |5z5 | 1if %0 2.7 0 A
L Y7 oo |t2e | £90 | ses | /iS5 ) /96 1 2.3 n /.0
2 4 | 39 it “2n | 770 45 ns /90 12.3 0 /.0
o s Y20 | 58¢ |70 "y /¢ (2.3 o Ne
;J <o 3.0 1420 | f6> 69 /s t%0 |23 o / O
ol oo 425 | 590 |Sep |15 | /% 123 | ¢ /.C
[_ 6 | 517 2 4 |20 | 7460 "3 /Po_ A2 C A
e R T PR B T P /.0
r T g Z,n 1425 (490 |S5y0 |15 1 /%0 |a 3 o} /.C
o s a0 | YJ8 |90 \sxC |15 Vsl T L 6 | /C
|| 8 |5 oo |425 | 59¢ |58 |n1s | 190 2.2 o | /.0
N SR N Rl Rt R L Wl B I A AR <
e g 200 (470 |s70 (S50 lpus [ 450122 [ & i |
l [ o0 tp |90 lrvo e [ Ygo 2.7 | o /L J
0 |97 200 |WsE |s90 lcat 11ys 790 12.3] © )¢ |
R N2 1 doc |y2z |c90lggo /15 [1solz. 2] & e |
1 | - s 1300 20 | 550 =50 )15 | )50 2,3 % /.o |
w3l 428 550 1752 (S (yvol2.2 | o |12 ]
¢ 2 2y Nepplvocimop o ViGo o 0 (e ]
'[\ ot LEVEL Test Section  C Tube No. 4 _
- 1 Oil Cons., cc_ 125 Cooler Sludge Clean
[ |
| I | - | - = Coking Tube, gm 113
e u ! § [ g S Filter Sludge, gm .014
- =
u - 4 DEPOSIT RATING 1.14
Viscosity TAN 178
Before 11.7 .14
. After 16.7 14.14
| Change 5.0 14.00
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ALCOR Inc.
10130 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-1-7808H QUALITY CONFORMANCE

CUSTOMLR Monsanto Rescarch Company DATE

SAMPLE 2000275 (0-79-12)

Specification
PHYSICAL & CHEMICAL PROPERTIES

Neutralization Number (T.A.N.), max 0.30
Viscosity @ 210°F, ¢St, min 3.0
Vi.cosity ¢ 100°F, ¢St Report
Flash Point (COC), °F, min 406.0
Evaporation Loss, 6.5 Hrs @ 400°F,

Wt. Loss, %, max 30.0

TRACE SEDIMENT

Precipitation, ml1/200 ml, max 0.005

PARTICULSTE CONTAMINATION
Contamin-tion, mg/ltr, max 10.0

OAMING CHARACTERISTICS - Static

el nna Nhe Mame e st Mban S CSE-Shis St mane e mae A as Snas o —— vy o v

7/8/82

176°F
Volume after 30 min acration, ml, muax 100.0
Collapse time, sec, max 60.0
FOAMING CHARACTERISTICS - Dynamic
T176°F -
Volume @ 1000 cc¢ air, cc, ml, max 100.0
Collapse time, min 60.0 Max
¢ 100 c¢ air, c¢cc, ml, max 150.0
Collapse time, min 60.0 Max
@ 2000 cc air, cc, ml Report
Collapse time, min 60.0 Max
230°F
Volume @ 1000 c¢c¢ air, cc, ml, max 1060.0
Collapse time, min 60.0 Max
® 1500 c¢c air, cc, ml, max 150.0
&  Collapse vime, mir 50.0 Max
; € 2000 cc air, cc, ml Report
L Collapse time, min 60.0 Max
F! LEAD CORROSION, 1 Hr @ 325°F
L " " Wt. Change, mg/in2, max 0.0
: SIIVER & BRONZE CORROSION, o0 Hrs ¢ 450°F
v Silver Wt. Change, m%/xnh max .0
E. Bronze, AMS3A616, mg/inZ, max 3.0
v *lorrected results
r 1 74
}
k4

0.000

o))
o
[e]

10.
37.
30.
61.
30.
67.

to DU O 1O

10.0
41.6 sec
50.0
61.5 sce¢
S0.0

e 8 seC




TURBINE ENGINE LUBRICANT RECLAMATION(U) MONSANTO
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iii MIL-1-7808H QUALITY CONFORMANCE

o H ELASTOMER COMPATIBILITY, 168 Hrs @ 158°F
g Swell, %, max

. .\ FLASTOMER COMPATIBILITY, 72 Hrs @ 347°F
Ny Swell, %, max

N Tensile Strength, % Change, max

s Elongation, % Change, max

- Hardness, No., Change, max

QVI ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F

o Swell, %, max

N Tensile Strength, % Change, max
e Elongation, % Change, max
- Hardness, No., Change, max
o FS ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
o Swell, %, max
T Tensile Strength, % Change, max
e Elongation, % Change, max
o Hardness, No., Change, max
iy
g DEPOSITION NUMBER (see attached data sheet)
o Deposit Number, max
- Viscosity Change, %
A Total Acid Number (T.A.N.)
c 0il Consumption, cc

ACCELERATED STORAGE STABILITY @ 230°F
. Lead Wt. Loss, mg/inl

AN 48 Hrs, max

3 168 Hrs, max

VISCOSITY STABILITY, 3 Hrs @ -65°F

LN Original, c¢St, max

£A Viscosity Change, %, max

v 3 Hrs, cSt, max

'J‘. VISCOSITY STABILITY, 72 Hrs @ -65°F
Original, c¢St, max

RNy Viscosity Change, %, max

o 72 Hrs, cSt, max

-:{:

- WORKMANSHIP

i Clear, Transparent

A

i *Corrected results

.\.':

s

\ .

-

180

Page 2 of 2
Specification Results
12.0 to 35.0 + 27.8
2.0 to 25.0 + 14,8

50.0 - 27.7
50.0 + 34.5
20.0 5.0
2.0 to 30.0 + 9.9
50.0 - 45.0
50.0 - 20.0
20.0 - 10.0
2.0 to 25.0 + 6.0
50.0 - 52.8
50.0 - 47.8
20.0 - 5.0
1.5 .37
Report +218.9
Report 20.21
Report 75
25.0 +3 E 0.63*
150.0 24577 (118.3)*
17,000 12,612
6.0 + 0.2
17,000 12,643
17,000 12,612
6.0 - 5.4
17,000 11,925
Report Clear
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((Vleor irte.

130 JUNLS WA, TSRIRLLE ROAD ¢ G BOX 325K

TrST LURBRICANT SAN ANTONIC TLXAS 20208 812 349708
SESICNATION Monsanto Research, Sample: 2000275 (0-79-12)
TEsT NO 4514 DATE 6/9/82 OPERATOR Revet, Pavlicek, Trawick

Coking Tube 590°F -+ Oilln 300°F - Oil Flow 300 cc/min + Air Flow 300 cc/min

{ ’£MPLRATCT::IiC.:\ BE HEATER AJR l61’0~ olL FILTEF
WO URS TIMF oul IN onL)OL'T : ] ar o C“!‘ AlR vOLTS METER LEVEL | PRESSURE
ssas 5, - e !}co 449 fryn] crg 1 < 1£D 2.3 O 10
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3 i~ 1300 1435 1890 |57 1 1g |80 | 23 o) .o
| | =, 1300 | 445 1520 | 565 g 1 ivs 122 | o l.o
4 b v -n 300 |445 |g6p |50 lus |ies 123 | o LD
! | 2L 1200 LS 590 570 1'5 185 D3 o) 1.0
L5 2 oo 4o | £%0 | £90 i /€5 1 2.3 ° r ©
3 | =- lgee \yrg | gec g7 1 12€ | 1952 2 o [.©
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OIL LEVEL Test Section D Tube No. 2
— 0Oil Cons., cc 75 Cooler Slucge Lt. Sludge
z
) '— z xg E g ?‘g Coking Tube, gm - 035
L! L_ = ‘f'-* c < é"‘ Filter Sludge, gm .024
. ) © - e
e DEPOSIT RATING .37
. Viscosity TAN
: Before 12.7 .11 182
L! After 40.5 20.32
j: Change 27.8 20.21
j:. ‘—o_ Qhanze_ +218.9
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ALCOR Inc.
10130 Jones Maltsberger Road
San Antonio, Texas 78284
(512) 349-3771

MIL-L-7808H QUALITY CONFORMANCE

CUSTOMER Monsanto Research Company DATE 7/7/82
- SAMPLE 2000267 (0-79-7)
r Specification Results
& PHYSICAL & CHEMICAL PROPERTIES
;1 Neutralization Number (T.A.N.), max 0.30 0.11
- Viscosity @ 210°F, ¢St, min 3.0 3.1
. Viscosity @ 100°F, cSt Report 12.1
- Flash Point COC, cSt, °F, min 400 400
- Evaporation Loss, 6.5 Hrs @ 400°F,
. Wt. Loss, %, max 30.0 14.0
TRACE SEDIMENT
Precipitation, ml1/200 ml, max 0.005 0.0
PARTICULATE CONTAMINATION
Contamination, mg/ltr, max 10.0 0.0
FOAMING CHARACTERISTICS - Static
176°F
Volume after 30 min aeration, ml, max 100 50
Collapse time, sec, max 60 12.0
FOAMING CHARACTERISTICS - Dynamic
176°F
Volume @ 1000 c¢c air, cc, max 100 10
- Collapse time, min 60 Max 17.9 sec
- @ 1500 cc air, cc, max 150 10
Lo Collapse time, min 60 Max 31.5 sec
o @ 2000 cc air, cc Report 20
— Collapse time, min 60 Max 48.6 sec
" 230°F
= Volume @ 1000 cc air, cc¢, max 100 10
- Collapse time, min 60 Max 33.2 sec
o @ 1500 cc air, cc, max 150 10
- Collapse time, min 60 Max 40.6 sec
ii @ 2000 cc air, cc, Report 20
- Collapse time, min 60 Max 74.06 sec
- LEAD CORROSION, 1 Hr @ 325°F
3 Wt. Change, mg/in<, max 6.0 34 (+0.3)
Ej SILVER § BRONZE CORROSION, 50 Hrs @ 450°F
Silver Wt. Change, mg/in2, max 3.0 0.0
Bronze, AMS4616, mg/in2, max 3.0 0.4
83
E *Corrected results 1




MIL-L-7808H QUALITY CONFORMANCE

H ELASTOMER COMPATIBILITY, 168 Hrs @ 158°F
Swell, %, max

FA ELASTOMER COMPATIBILITY, 72 Hrs @ 347°F
Swell, % , max

Tensile Strength, % Change, max
Elongation, % Change, max

Hardness, No., Change, max

QVI ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
Swell, %, max

Tensile Strength, % Change, max
Elongation, % Change, max

Hardness, No., Change, max

ELASTOMER COMPATIBILITY, 72 Hrs @ 302°F
Swell, %, max

Tensile Strength, % Change, max
Elongation, % Change, max

Hardness, No., Change, max

DEPOSITION NUMBER (see attached data sheet)
Deposit Number, max

Viscosity Change, %
Total Acid Number
0il Consumption, cc

ACCELERATED STORAGE STABILITY @ 230°F
Lead Wt. Loss, mg/in<

48 Hrs, max

168 Hrs, max

VISCOSITY STABILITY, 3 Hrs @ -65°F
Original, cSt, max

Viscosity Change, %, max

3 Hrs, ¢St, max

VISCOSITY STABILITY, 72 Hrs @ -65°F
Original, c¢St, max

Viscosity Change, %, max

72 Hrs, ¢St, max

WORKMANSHIP
Clear, Transparent

*Corrected results

184

.......

Page 2 of 2

Specification Results
12.0 to 35.0 +27.3
2.0 to 25.0 +12.6
50.0 +17.1
50.0 +20.3
20.0 5.0
2.0 to 30.0 +16.0
50.0 -35.5
50.0 + 5.7
20.0 15
2.0 to 25.0 + 5.0
50.0 -62.7
50.0 -43.9
20.0 -10.0
1.5 .32
Report +116.5
Report 26.97
Report 100

25.0 2 ( 3.0)*
150.0 +94-6 (93.5)*
17,000 10,566

6.0 + 0.4

17,000 10,612

17,000 10,566

6.0 -11.7

17,000 9,326

Report Clear
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MiL-L-7808 DEPOSITION TEST ) Slear te
/ °

Y0130 JUNLS MALISBERGER ROAD P O 80X 32916
TEST LURRICANT SAN ANIONIO TCXAS 78208 _ $12/34%-317%

DESIGNATION Monsanto Research, Sample: 2000267 (0-79-7)

TEST NO.__4510 DATE 6/1/82 OPERATOR Revet, Trawick, Pavlicek
Coking Tube 590°F - Oil In 300°F - Oil Flow 300 cc/min * Air Flow 300 cc/min

:“; TEMPERATURES, °F -
S MoURS TIME oiL I~ on.’ou'r iomw T::: g C“‘“‘"‘ ':/LoA:-rt: ‘::}%:o. L:"Ilél. p?:‘sﬁ:r.
staxt | Jit 722 S -0 740 N R i B V0,
: L& AT qu; |82~ | S50 | 1rs 80 la.2 o 1.0
1 ks oo |44c | 580 | s50 | 16 2 |23 o lo 1.
- o . S R . |g.7 ~ L~
_ L2 T RN RS RN Ratah : s 2 3 - R
S A cee (Y40 | 59C &g i | 1902 133 & /-0
S N P ¢ |HYp (590 | S48 ()€ 190 (2.3 | 2 (/0
| Soc |\ Yyus 1$9c o0 {11 é 197 (2.2 | O |1 ¢
|4 lrcie . roe lwys |59 |sus )74 (/s 2.7 | & /.0
I il e \Yup |75 oz |7 rd /97 1~ T 72 /D
| 5 Jin, Razr iim |&ap |mwd | )L 1Sn 12.3 | & /. L
| | .- 2cc |dy¥p |5/ |syo |'ié |19¢ V2,2 | & |t ¢
r & (T T lgwp | Tvo Joe | 119l 12,3 | ¢ Le
| l oo W £9c 2= {1/ 1 'S0 |2 7 | < /-0
Bk A0C 445 (570 |s4do |//e 1175 | A.3 | C /0
| sec \wee 750 \seq |77¢ (rse 2,5 | & |7 7
8 |rsi” irn Ao | S99l aen | G leg | D 2 2 L 2
|- v~ |40 | 2w | 5 1y 155 | 2 | {
9 |szy< o - lato | r | sgpl e | yss | 2~ {1
] oo - |\ App e | 5ep) !¢ 16& 2z - (. /
|10 s g - - lap | - 1l gep| " | 5% s r L
b 7 = - lasgl -l sggo0] 1. sz | A |
(11 e lis s - ldse | rep | 19 € - 7 L |
R | c--lArp| - - |lspe | 1L 19S5 | - o~ I )
e 12 | e - jaro| - gl o lyes | v [ ]
- ¥ . Ol LEVEL Test Section D Tube No. ]
R 1 - Oil Cons., cc_ 100 __ Cooler Sludge Light _
-7 | o . :
- > Z Coking Tube, gm .030
g E | =z s Filter Sludge, gm  .018
o G | &
- 1 DEPOSIT RATING -32
oA Viecosity TAN 186
N Before 12.1 11
&8 After 26.2 27.08
Change 14.1 26.97
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September 23, 1982

Mr. Richard Bruns
Monsanto Research Company
1515 Nicholas Road
Dayton, OH 45407

SAMPLE: 1997659 (0-79-9), 1997658 (0-79-11), 19976693 (0-79-13), 1997695 (0-79-6)

Richard, following are the test results obtained from your sample as requested
with the 703 added per your letter of August 23, 1982,

Results
1997659 1997658 1997693 1997695
(0-79-9 (0-79-11)  (0-79-13)  0-79-6)
ACCELERATED STORAGE
Lead Wt. Loss, mg/in2 (95.5)* (102.4)* (3.0)* (30.6)*

48 Hrs 198.2 212.6 6.2 63.5

168 Hrs 293.4 729.5 178.0 283.4
(141.4)* (351.5)* (85.7)* (136.6)*

Please let us know if we may be of further service or answer any questions you
might have regarding these results. Best regards.

Sincerely,

ﬂ// h %“;’n

PHILLIY O. FRUIN
Manager, Testing Services

POF:b
Enclosures

*Corrected results

10130 JONES-MALTSBERGER ROAD O P.0. BOX 32516 0 SAN ANTONIO, TEXAS 7828400 512/349-3771 03 767470 ALCOR SNT
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APPENDIX F

SAMPLE CALCULATIONS
NaOH Addition
Ba(OH), *H,0 Treatment
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g NaOH CALCULATION FOR DISTILLATION

b Acid # of 1.3 is defined as milligrams of potassium hydroxide,
that is required to neutralize all acidic constituents in 1 g
sample or 0.0013 g KOH/g of oil.

0.0013 g KOH X 40.1 g-mole NaOH X 0.932 g-oil X 3,785.3 mL " gal X
g-oili 56.1 g-mole KOH mL gal 7.77 # oil

N(number of lbs of used oil in batch) 0.422 g of NaOH t dd to batch

Ba(OH),-H,0 CALCULATION

0.0013 g KOH X 189 g-mole Ba(OH),*H,0 " 0.932 g oil X 3,785.3 mL x gal
g-oil 56.1 g-mole KOH oil gal 7.77 # oil

[}

1.989 g of Ba(OH),*H,0 to add to batch
but the minimum amount is 0.77% by wt.

N(number of lbs of used oil in batch)

: 190
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APPENDIX G

SELECTED LARGE SCALE DISTILLATION DATA
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LARGE SCALE DISTILLATION DATA

Date
distilled NBP Used oil Comments
2/17/81 1833517 Virgin basestock
2/24/81 1833520 0-79-01
2/26/81 1833523 0-79-02 (No NaOH used in distillation)
3/02/81 1833526 0-79-02
3/04/81 1833529 0-79-02
3/06/81 1833534 0-79-03
. 3/10/81 1833536 0-79-08
A 3/12/81 1833543 0-79-07*
- 3/17/81 1833546 0-79-11%
¥i 3/19/81 1833548 0-79-12
;: 3/30/81 1833550 0-79-14
. 4/01/81 1833552 0-79-09%
' 4/03/81 1833555 0-79-04
4/07/81 1833557 0-79-15
4/09/81 1833560 0-79-06*
6/18/81 1997632 0-79-13*
6/15/81 1997633 0-79-10%
6/23/81 1997634 0-79~-15%* Redistilled from above
6/25/81 1997636 0-79-12% Redistilled from above
6/30/81 1997641 0-79-08* Redistilled from above
7/02/81 1997644 0~79-14%* Redistilled from above
7/22/82 20002944 0-82-06
: 8/02/82 20002958 0-82-06 Redistilled from above
. 7/27/82 2000296 0-82-09
;: 8/04/82 2000298 0~82-07 No NaOH used in distillation
E 8/16/82 2276303 0-82-04
& *Distillate totally reclaimed and Mil-L-7808H tested.
X
!’
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BATCH Jy¢3s52 /¢ 79-9)
DATE _ “. ‘)

ACID NO.

DISTILLATION

INITIALS DATE

1. Turn on vacuum jet.

2. Close valve, bottom of 2F. Pull vacuum.

3. Check to see if filter (50 micron) is in, inline filter on drum

suction tube.

4. FPlace drum on scale, suck into 2F 155 lbs of used oil (20 gals).

i‘
= ©il + container (initial)
~
- 0il + container (final)
N o0il weight
2
1)
5. Let oil sit over night in 2F with no agitation, open sample valves
for vent.
6. Vent vacuum lines.
7. Turn off vacuum jet.

_ff‘ S 8. Check batch temperature, should be aroun 20°C. Draw 1/2 gallon
oil out of bottom of 2F, if no phase separation, retucsn oil to
2F.

4
~ 9. Start agitator on 2F, make sure batch temperature is below 30°C
before adding methanol, add gallon of alcoholic NaOH (see super-
visor).
f13 10. Let NaOH/0il stir for 1/2 hour without heat.
s 11. Turn on vacuum jet only on main receiver for vacuum check 1f

greater than 10 mm consult supervisor.
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12.

13.

14.

15.

16.

16.

19.

2C.

20a.

21.

22.

23.

BATCH

DATE

ACID NO.

DISTILLATION - (Cont'd)

Vent main receiver.

Turn on cold water to condenser.

Open distillate line to small receiver.

Turn on Ny flow on full, into 2F and adjust vacuum to 15 inches

with vent on small receiver.

After 1/2 hour hold, start silicone fluid through 2F jacket.
Set heater to 150-160°C (30C°F on dials).

Turn on 2F shaft collar coolant pump, and water to its heat

exchanger.

Turn on silicone tracer on distillate line.

Maintain 15 inches vacuum until MeOH 1is removed (Batch tempera-

ture approximately 100°C).

Pull vacuum slowly until 27 inches, break vacuum by closing
vacuum lines and letting N, fill to atmospheric pressure.
Turn silicone heaters off, maintain silicone flow.

Drain MeOH from small receiver.
Pull vacuum on entire system plus 2 receivers @ 15 mm. Use Nj
bleed through needle valve on 2F to maintain 15 mm @ 5 gallon

south receiver.

Turn heater on silicone heating fluid to maintain the fluid

outlet at 280°C (525°F on dials).
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_I_ETIALS DATE
6om 24.
X 25.
654, 26.
i 27.
Ao 2.
AB 30,
Yl 31.
Y, Y
ﬁb 33,
ﬁﬁ 34.

DRI RASAAA MRS SERCET ety

L L ——

BATCH

DATE

ACID NO.

DISTILLATION - (Cont'd)

When vapor temperature @ 135°C, drain double valved distillate
sample line and switch to main receiver. Maintain 13 1/2 - 15

mm vacuum in main receiver.

Turn off silicone tracer line on distillate line.

Once batch temperature is 240°C, start maintaining a difference
of 40°C between the silicone and batch temperature by increasing

the silicone oil temperature.

Watch for increase in flow {distillation rate) shut off silicone

to 2F if rate becomes too high.

When batch temperature at 300°C, increase silicone o0il tempera-~

ture to 345-355°C.

Distill <o 325°C batch temperature and 15 mm vacuum in main

receiver.

Turn .off vacuum to entire system, break vacuum in system with

N, through needle valve on 2F. Turn off silicone heaters and

pump.
when pot pressure @ O, open vent.
Turn off agitator.

Immediately drain (VERY HOT!) still bottoms into a N, blanket on

5 gallon car. The can, will be VERY HOT!! Approximately 700°F!

Let 2F cool down for clean-up and recharging.
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183
*Corrected results

BATCH

DATE
ACID NO.
DISTILLATION - (Cont'd)
INITIALS _DATE
V@{ 35, Turn off cooling water to 2F condenser.
) 36. Turn off Ny flow into silicone vert line.
—— 2
jE; 37. Shut down vacuum jet, first open drain valve on lst floor

manifold, and then shut down.

38. Drain south 5 gallon receiver and weigh, place liquid into

solvent scrap drum, after removing 200 ml sample.

39. Drain main receiver intc previously cleaned 20 gallon drum and

weigh. Mark drum. “Batch Product Reclaim Oil”.

40. when batch temperature in 2F is at 200°C turn off 2F shaft

collar coolant pump, and water to its heat exchanger.

41. Turn off N; flow into 2F.

i

yrovy
«

42. Consult with supervisor for clean-up of 2F.
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BATCH {33555 [1-Dr-q}

DATE /v k!

ACID NO.

DISTILLATION

INITIALS DATE

1. Turn on vacuum jet.

2. Close valve, bottom of 2F. Pull vacuum.

3. Check to see if filter (50 micron) is in, inline filter on drum

suction tube.

4. Place drum on scale, suck into 2F 155 lbs of used oil (20 gals).

oil + container (initial)
- 0il + container (final)
(\ /D 7 oil weight

-

5. Let oil sit over night in 2F with no agitation, open sample valves

for vent.

6. Vent vacuum lines.

7. Turn off vacuum jet.

ﬁ" 8. Check batch temperature, should be aroun 20°C. Draw 1/2 gallon
©il out of bottom of 2F, if no phase separation, return oil to
2F.

fif 9. Start agitator on 2F, make sure batch temperature is below 30°C
before adding methanol, add gallon of alcoholic NaOH (see super-
visor).

VYa . . ;

(XL 10. Let NaOH oil stir for 1/2 hour without heat.

At 4
> 11. Turn on vacuum jet only on main receiver for vacuum check 1if

greater than 10 mm consult supervisor.
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N BATCH

o0

N DATE

t\ ACID NO.
DISTILLATION - (Cont'd)

INITIALS _ DATE

.~‘~\ /"M

12. vVent main receiver.

CPS
SN 13. Turn on cold water to condenser.
7 14. Open distillate line to small receiver. A
_ 15. Turn on N; flow on full, into 2F and adjust vacuum to 15 inches
with vent on small receiver.
)..
L 16. After 1/2 hour hold, start silicone fluid through 2F jacket.
Set heater to 150-160°C (300°F on dials).

77 -

) 17. Turn on 2F shaft collar coolant pump, and water to its heat
exchanger.

_;;-f 18. Turn on silicone tracer on distillate line.

T

e 19. Maintain 15 inches vacuum until MeOH is removed (Batch tempera-
ture approximately 100°C).

B 20. Pull vacuum slowly until 27 inches, break vacuum by closing
vacuum lines and letting Ny fill to atmospheric pressure.

.

R 20a. Turn silicone heaters off, maintain silicone flow.

o

Coe ___ 21. prain MeOH from small receiver.

7 }

O 22. Pull vacuum on entire system plus 2 receivers @ 15 mm. Use N2
bleed through needle valve on 2F to maintain 15 mm @ 5 gailcn
south receiver.

/U} 23. Turn heater on silicone heating fluid to maintain the fluid

outlet at 280°C (525°F on dials).
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BATCH
DATE
ACID NO.
DISTILLATION ~ (Cont'd)
INITIALS DATE

)

L 24. When vapor temperature @ 135°C, drain double valved distillate
sample line and switch to main receiver. Maintain 13 1/2 - 15
mn vacuum in main receiver.

n -

’ 25. Turn off silicone tracer line on distillate line.

4

26. Once batch temperature is 240°C, start maintaining a difference
of 40°C between the silicone and batch temperature by increasing
the silicone o©il temperature.

“‘ ’ . . . . .

e 27. Watch for increase in flow (distillatior rate) shut off silicone
to 2F if rate becomes too high.
e |

& _ . . ‘

s 28. When batch temperature at 300°C, increase silicone o0il tempera-
ture to 345-355°C.

! 29. Distill to 325°C batch temperature and 15 mm vacuum in main

receiver,

30. Turn.off vacuum tc entire system, break vacuum in system with

N; through needle valve on 2F. Turn off silicone heaters and

pump.

— 31. When pot pressure @ 0O, open vent.

Turn off agitator.

.- 33. Immediately drain (VERY HOT!) still bottoms into a N; blanket on

S gallon can. The can, will be VERY HOT!! Approximately 700°F!

34. Let 2F cool down for clean-up and recharging.

r rmrv, S '.1'. r—v. T
D
O
w
"

&

Eall
o
Ve lte W)
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LG s

ST

INITIALS DATE

2,

-

35.

36.

37.

3s8.

39.

40.

41.

q2.

BATCH

DATE

ACID NO.

DISTILLATION - (Cont'd)

Turn orf cooling water to 2F condenser.

Turn off Nj; flow into silicone vent line.

Shut down vacuum jet, first open drain valve on lst floor

manifold, and then shut down.

Drain south 5 gallon receiver and weigh, place liquid into

solvent scrap drum, after removing 200 ml sample.

Drain main receiver into previously cleaned 20 gallon drum and

weigh., Mark drum. “Batch Product Reclaim O1l1".

When batch temperature in 2F is at 200°C turn off 2F shaft

collar coolant pump, and water to its heat exchanger.

Turn off N, flow into 2F.

Consult with supervisor for clean-up of 2F.
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APPENDIX H

PRODUCT SPECIFICATIONS FOR ADDITIVES AND ADSORBANTS

Dioctyldiphenylamine (DODPA)
Tricresyl Phosphate (TCP)
Quinizarin

Benzotriazole

Ethyl Antioxidant 703
Triphenyl Phosphite

Emery Base Stocks

Phenyl-a Naphthylamine (PANA)
Barium Hydroxide-Monohydrate

i
-

e ¥Y Oro¥
e e e

@
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.........

Product data sheets were obtained, where possible, for the
additives and adsorbents used in the optimized reclamation
process. The available data sheets are included here to
identify the source and quality of the materials used. 1The
following discussion identifies the source and quality of
those materials for which a specification sheet was not
available.

Quinizarin was obtained from GAF Corporation. It is identified
only as purified 1,4-dihydroxyanthroginone with no physical
properties listed.

Tricresyl phosphate was obtained from FMC Corporation as
Kronitex AA.

Triphenyl phosphite was obtained from Eastman Kodak Company.
It has a boiling point of 360°C and a density at 25°C of 1.184.

Barium hydroxide monohydrate tech., obtained from Barium &
Chemical, Inc., Steubenville, OH 43952.

The filter aid used was Hyflo Super Cel from Johns-Manville
Corporation. This material is a Celite diatomite, mainly
aluminum silicates, having a specific gravity of 2.30 and
the following chemical analysis: SiO,, 89.6%; Al,03;, 4.0%;
Fe,05, 1.5%; P,0g, 0.2%; TiO,, 0.2%; Ca0O, 0.5%; Mgo, 0.6%,
Na,O0 and K,0, 3.3%.
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Composition:
Physicol State:
Coior:

Specific Gravity:
Melting Point:
Distillation Range:

Ash:
Heating Loss:
So'ubility:

PETROLEUM DEPARTMENT

L% TECHNICAL

DATA SHEET

VANLUBE® 81

ASHLESS HIGH-TEMPERATURE ANTIOXIDANT and CORROSION INHIBITOR

Typico! Properties

p.p'~dioctyldiphenylamine

Powder

Off-white

1.0t

95C

490-500F /0.25-0.75 mm Hg
<0.01%

<0.50%

Solubie in silicones, silares, siloxanes,
diesters, petroleum oils. Insoluble in
water.

VAN! UBE 81 is o specially purified grade of p,p’ dioctyldiphenylamine. It was
developed commercially after extensive tests showed it to be an effective high-
L temperature oxidation and corrosion inhibitor in synthetic lubricants based on silane,
' siloxane, diester, and silicone fluids. In these fluids, VANLUBE 81 at concentrotions
of 0.5% to 2.0% is on effective oxidation and corrosion inhibitor ot temperatures
. of 400-500F. It is also an effective high-temperature oxidation inhibitor in suitable

petroleum base stocks.

bn high~tempereture lubricating greases, both petroleum and synthetic bose, VANLUBE 81
shaws good antioxidant properties in ASTM D-942 oxidation tests and in high-speed spindle
tests. Siloxone greases containing 2% VANLUBE 81 hove given outstonding results in
bearing performance tests ot 350F.

VANLUBE 81 has good solubility in o variety of synthetic and petroleum base lubricants
and is color stable when exposed to light. [t can be used as o general-purpose
additive in 0 number of petroleum lubricants which require a stable, ashless, high-
temperature oxidation inhibitor.

?.0; . 7410
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SECTION |
| ImEw ZaL .Au( x~: sv~o~vrr__.* . ‘ [n(!G[h" YE\.EI-"NE L1
oo, BaF ‘~Dioctyldiphenylamine _ -l L B US v —
0r§an1£ secondary amine
TEgHay ;
TRATE NAWE AND §ENONYMS '
VANLUBE I
I
i SECTION Il HAZARDOQUS INGREDIENTS
\* o MATE® A - Thy UnTS
oo
__p.p'-Dioctyldiphenylamine cute oral 1D ;
=i T
L >5,022 mg kg ra:sf
t
|
SECTION 1 PHYSICAL DATA ?
Moz o Pom® ¥ j SPECFIC GRAVITY < myOur i
_-l;o-.i.ltis..ﬁ - ‘\;’ PERZENY VOLATILE ‘__;
Lo BY VOLUME '~ ' i
jraeta CENS TY AR [ (vn-o-uv.on maTE \ i
| o .
SCa-B-.'TY NWATER . . . .
L negligible Density Mg/mo D W
saepramanCE ANC 2D0R
: . r J
o
SECTION IV FIRE AND EXPLOSION HAZARD DATA ‘
T8 asa POINT 't w00 v3E0 I FLAMMARLE LM S e e

$- e

(l' NGy SmonG MED A

. C02._foam, dry chemical

SREC AL r RE F1G=" ~G PROCEDUAES

uk S~ A; X1 3 AND CAP_OS. ON HAZARDS '

L.
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“"ETHYL” ANTIOXIDANT 703
2. 6:Dr-tert butyl-o-dimethylaminp-p-cresol
CHy
CHy—~C—CH,
tw;
Ew [Hg=r,
CHy
Cw, =My )
20
TYPE
s S e eyt ome wtable phenole antiovdant.
TYPICAL PROPERTIES
Form Crysialline powder Melting point 94°C ‘201°F
Cmor Light yvellow Boiling point 179°C 354°F:at 4y mm
AMuiecular weght 265.4 Flash point (COC. >200°F
APPLICATIONS
Oy et ot st bitosor i ratura: and s.ninelic rubbers. polyolefin plastics, resins, adhesives. petroleum ois ard
Manes
SOLUBILITY Wt 7, at 20°C,
Toluene 22 Water < 00007
E:ryi Alcohol 28 107, NaOH < 9.002
TOXICITY

Tre acu's wva 1D for "Erny!™ aAnvionadant Toias 1udu mg kg of body weight

)

ETHYL CORPORATION
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Ordering

Refer to product as:

" “"ETHYL" Antioxidant 703

Shippin
pRing Container sizes

Tovt b et
Pkt

Intormation

2 gl poenactunnabde dram

S gl mercvetarnalag s om

St net 2eal nonovetianable drame
Weght Information
Drum Suze 1001b 251b
Netconterts gal (nominal) éd . - i 8
Ne' cznte~ts iT 100 25
Tae o acoren 9 5
D ~ers zng gameter in 16 115
O ~ers zrs he oht n 3075 2125
veuTe coft - 459 163
Rail Shipments:
Mimmam carioad [ots 223 drumes 24 pullon iz
Truck Shipments:
Miumomtrorl ol s 200 dvur s 24 z

Mail or wire orders:
Eth: Corporuts v
Incoerroal Chemacais v
Bat booapw La 70821

Telephone orders-

Batrr Roupe La 504.133-5222

Shipping point:
Orangebourg Scith Cayolina

IN CANADA

Orders shosid be placed wotr Fobe § Corporation Limited 48 §0 Clar Aver v

West. Torunto

Tme "ti =g 9t [ esecel he e 3 be eeec tC b oacc. e act e 3t Pt S oen - 3-
t Lot e gor et Brmy Togiztoic Fomp mgem ey comea ez e e s ats ge 3 or -zl
83 - c mg- ‘9. @ o J8e 07, o' "he “e @ - ORAC Ber mate Q% O EItEAAEL . €0 D ilea
ETHYL CORPORATION /[ . "ooss aee
INDUSTRIAL CHEMICALS DIVISION BATCMNRI_ZE (4
T—ZA5T ° CLEVE._AMT » w~IS_USTSN » (OS5 ANGEES ¢ NEWV. vZTa« .
216
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BENZOTRIAZOLE - Photo Grade

.y

"

Synonym: 1,2,3-Benzotriazole

. sherwan

williams
£ £ chemicals.

adwvision of Twe Sweaw:in WiLLiams Co

technical bulletin 142

NH CeHoN,

//V M.W. 119.12
N

Codc: BT-PG Order kntry No.: X19 HI 55y

*¥eets requirements of American National Standard Institute specification
Pn4.204-1972. Methods of analysis are given in the specification.

217

SITIIRTIES
o Acrearance White ¢rystalline needles.
Specifications* Tyoical Aralysis
Assay 98.0% min 9g.5
Agpearance of 1. Solution Essentially clear Essentially clear
Fez1d.e After [gnition 0.5 max. 0.02
volatile Matter at 70°C 0.5% max. 0.08&
ldertity
Melting Point 98-99°C 98-96°(

Photographic chemical--developer, anti-fogoir
agent and restrainer in gelatin e~ylsigns.
Also in other areas where light sersitive
substances are useful. (See Refererces

Ll nall
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The oral LD., in white rats is 560 mg per kgq.

Chemicals ~ith va . es

of this order are generally considered moderately toxic.
Tests made on intact and abraded skin of rabbits showed no skin

irritation.

Benzotriazole and its soluticns are not serious industrial razards

provided that workers are properly instructed and adequa‘tely

supervised in handling procedures.

where adequate ventilatizn ig

not available, approved respiratory and eye protection are rej.ire:
in dust laden areas.

AVAILABILITY

Readily available from stock.

Package sizes, prices and otrer ceta" s

of sale are stated in our latest Chemicals Price List.

REFERENTES

Bastazlia, Photogr. Sci. Eng. 1970, 14

275, CA 73, 50708.

Brit. 1,173,826 (1969); CA 73, 40477.

Fr. 1,542,505 (1968); CA 71, 66055.
Ger. Offen.

Electric), CA 74, 118423,

Saky.~, Photogr. Sci. Eng. 1970,
192, CA 73, 20423. Ibid,
48, CA 74, 48746.

E.X sherwm

williams
K £ chemicals.

P.0.Box 6520, Cleveland, 0. 44101

14(3),
1971 15(1),

(4),

2,028,214 (1971); (To Western

218

Sheberstov and Borokova, Zh. hauch.
Prikl. Fotogr. Kineratogr., 18€3,
14(4), 292, CA 71, 96868.

U.S. 3,547,635 (1970)
Kodak); CA 74, 149134,

{To Eastman

Zyuskin and Braichevskaya, Z
Prikl. Fotogr. Kinematogr. )
13(5), 326; CA 70, 16012.

Zyuskin and Glinskaya, Zn. Nauch.
Fotogr.
470 (Russ);

Prikl.
14(6),

Kinematogr. 19€9,
CA 72, 61365.
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TABLE |
SPECIFICATIONS OF EMERY LUBRICANT BASES

Emery Emery Emery Emery Emery Emery Emery
Secification 2910 2911 2957 2958 2960 2934 2932
Acid Value, Max, 0.2 0.2 0.2 0.2 0.02 0.08 0.10
Hydroayl Value, Max. 3.0 2.0 2.0 2.0 3.0 3.0 3.0
jodine Value, Max - - 2.0 2.0 2.0 1.0 - - --
Flash Point, °F, M. 400 300 400 400 430 480 460
Fire Point, *°F, Min. 350 450 450 .- -- --
. Cioud Point, °F, Max. 40 40 40 40 40 -- -40
2 Pour Point, *F, Max. -70 -%0 -50 =75 =75 -65 -75
N Viscosity, Cs.
» 210°F, Mun. 2.60 1.60 3.20 285 43 4.654.85 4.0
1 100°F, Max. ce e e -~ -- 220-24.0 - -
! -40°F, Max. -- -- 1800 -- .- -- 5000
5 - 65°F, Max. 6500 800 - - 7000 - - .- - -
. *SOC Lead Corrosion, Mg/sq. in.
- 1 Hour, Max, +4 -- +4 +4 +4  No negative®** Noregathe®®
values values
*Oxidation Stability, 347°F -
Hours, Min. 100 -- 100 100 -- -- --

*Contawns 0.5 purified phenothiazine
0.1% Ethyl anti-oxidant 703

**Contains 0.5% purified phenothiazine
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UNIROYAL CHEMICAL
Dvis.on of UNIROYAL Inc
Nacgatuch Conrecticut 06770

PRELIMINARY DATA SHEET

NAUGARD® PANA for

H
~ N
0
’d ~
QL
Phenyl-Alpha-Naphthylamine

Naugard P.{l., 1S an aromatic amine antioxidant for synthetic lub-
ricants, lubricating greases, industrial oils, and railroad diesel
engine oils. It offers excellent antioxidant activity at an eco-
nomical cost. Naugard PANA is particularly useful in high tempera-
ture applications. It provides effective protection in synthetic
lubricants at temperatures that at times reach 600-700°F (315-371°C)

Naugard PANA1s also an important antioxidant in soap thickened
greases as well as those made with non-soap thickeners. In addi-
tion to its many applications in petroleum, Naugard PaNa.ls used

as a rubber antioxidant. It is the primary antioxidant for neoprene
rubber. Recommended concentrations for this product vary from
0.2-1.0% depending on the application.

Typical Properties

- Chemical MName N-phenyl-l-naphthylamine

Physical Form Tan to purple crushed solid

> v
.

Specific Gravity

; -]
H ¢ 25°C 1.22
Melting Point 131°F (55°C)
N Ash 0.1%
- Flash Point
- (Penske Marten) 417°F (214°C)
y Solubility Soluble in acetone, alcohol, benzene, carbon
tetrachloride and chloroform. Insoluble 1in water.
The re.ommendgrions [or the use of 0ur o ity are hased an levty hereed -~ be re’ atc Howe.er m
we 30 nat guaraniee the rescily (0 be ohie ned BLoothers ondes Jiffcren: . n S R A
Prochore asartende ! a4y g recommendalor 16 use Our Produ.ty sa e- b Tote tpe OF 2 paten —
1
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Storage Stability

NaugardPA...:. has excellent storage stability. Long exposure to
air and light will cause the product to darken but will notaffect
antioxidant activity.

Toxicity and Handling Precautions

PANA has been used for many years without any known serious health
proplems. As it has a reported oral LD (rats) of 1625 my/kqg

1t should be treated as a "toxic" substance. duman experience has
indicated some skin irritation potential.

Trace amounts of alpha-naphthylamine (400-800 ppm) and beta-naphyl
amine (0-80 ppm) have been detected in Naugard 243A. These sub- !
stances have been designated as carcinogens by OSHA and when present
at minimum levels of 10,000 ppm for alpha-naphthylamine and 1,000
ppm for beta-naphthylamine are subject to OSHA Regulations Numbers
1210.1004 and 1910.1009.

In the handling of PANA we advise taking appropriate precautions

to avoid ingestion, contact with the skin, and breathing of dust
or vapors.
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UNIROYAL CHEMICAL
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TENTATIVE SALES SPECIFICATION

NAUGARD PANA
{(Phenyl Alpha Naphthylamine)

FOR Petroleum & Synthetic Turbine Oils

TEST MINIMUM MAXIMUM TEST METHOD
Assay, % 99 - GLC-31QC
Asl, % - 0.05 G-68-G
Toluene Ins,, % - 0.03 G-68-G
Moisture, % - g.1 G-24
Appearance Lt. tan to purple crushed solid

or solid cast in drums.

JAS/GJH:1mh
Reviged 7-28-77

-
y

ot
LA

Y

R

—
) .

- The recommendations for the use of our products sre based on tests beheved to be reliable However, UNlRUYAL

. we G0 nO' guarantee the resulls o be obiained by others under different conditions Nothing in this

e Brochure v iniended 8y 8 recommendation 1o use our products 3o as 10 infringe on any patent - ———l
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APPENDIX 1

PROCESS HISTORY FOR EACH USE OIL LOT
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0-79~1 - After distillation treated with Ca(OH),, o1l developed
a foam test volume over 300° mL. Terminated further work up.

0-79-2 - Distilled one sample without NaOH as a control, had a
fairly high foam test volume.

Distilled a 2nd sample with NaOH which had a very high foam test
volume. We redistilled the sample and the sample still had a
high foam test volume, so terminated further work up. A expanded
GC of the o1l does not indicate similarity to 0-82- used oils
which also had foaming problems after distillation.

\ 0-79-3 - After distillation, treated with Ca(OH),, o0il developed a
Ei high test volume. Terminated further processing.

- 0-79-4 - 0il had left thick charred residue in still. Treat oil
with Ca(OH),, oil developeJa high test volume. Terminated further
processing.

. v AN
. PEREERTY

0~79-5 - 0il had a high acid number, assumed that a residue
similiar to 0-~79-4 would develop upon distillation, so did

not attempt distillation.

v - -
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0~79-6 - The distillate was treated with Ba(OH),-H,0 overnight at
43°C, then treated with attapulgus clay. The sample was reformu-

W v v -
T

b

lated and sent for MIL-L-7808H testing.
i
fﬁ 0-79-7 - The distillate was treated with Ba(OH),‘-H,0 overnight at
f{ 43°C (treatment temperature was to be 50°C). Precipitate (ppt)
= developed in o0il upon sitting for a month, refiltered. Nine
E? months after filtering, additional ppt in oil. Refiltered the
- 0il, then heat treated to 60°C overnight and then reformulated.
- The sample was then MIL-L-7808H tested.
.
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0-79-8 - The distillate was treated with Ca(OH),, oil developed

a high foam test volume. Redistilled the distillate and treated
with Ba(OH),*H,0 @ 50°C overnight. The o0il was then reformulated
and sent out for MIL-L-7808H testing.

0-79-9 - The distillate was treated with Ba(OH),-H,0 overnight at
43°C. The sample was formulated and sent for MIL-L-7808H testing.

0-79-10 - The distillate was treated with Ba(OH),‘ -H,0 overnight at
45°C. The sample contained a small amount of ppt, which was
filtered out by final filtration after reformulation. Sample sent
out for MIL-L-7808H testing.

0-79-11 - The distillate was treated with Ba(OH),-H,0 overnight at
45°C. The sample was reformulated and sent for MIL-L-7808H testing.

0-79-12 - The distillate was treated with Ca(OH),, oil developed
a high foam test volume. Redistilled the distillate and treated
with Ba(OH),+H,0 @ 45-50°C overnight. The o0il was then reformu-
lated and sent out for MIL-L-7808H testing. The sample had pre-
viously contained small amount of ppt, which was filtered out by
final filtration after reformulation.

0-79-13 - The distillate was treated with Ba(OH), overnight at
45°C, then treated with attapulgus clay. The sample was reformu-
lated and sent for MIL-L-7808H testing.

0-79-14 - The distillate was treated with Ca(OH),, oil developed
a high foam test volume. Redistilled the distillate and treated
with Ba(OH),H,O0 @ 42°C (treatment temperature was to be 50°C).
Precipitate had developed in o0il upon sitting for a month, refil-
tered. Nine months after the refiltering, additional ppt in oil.
Refiltered the oil, then heat treated to 60°C overnight and then
reformulated. The sample was then MIL-L-7808H tested.
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0-79-15 - The distillate was treated with Ca(OH),, o0il developed
a high foam volume. Redistilled the distillate and treated with
Ba(OH)2*H,0 overnight at 50°C. The sample was reformulated and
sent for MIL-L-7808H testing.

0-82-4 - The distillate failed the foam test, further processing
terminated.

0-82-5 - The 01l had a strong kerosene small, stronger then
0-82-4, did not process this sample.

0-82-6 - Dis llate had a high foam test volume, redistillation
of the disti..ate did not improve the test results.

0-82-7 - Distillate failed the foam test, further processing
terminated.

0-82-8 - The o0il had a strong kerosene small, stronger then
0-82-4, did not prccess this sample.

0-82-9 - Distillate failed the foam test, further processing
terminated.

0-82-10 - Lab distillation for foam testing of distillate. Did
pass foam test, but the foam volume was higher than would like for

further processing.

0-82-11 - Lab distillation for foam testing of distillate, did
not pass foam test.

0-82-12 -~ Lab distillation for foam testing of distillate, did not
pass foam test.
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APPENDIX J

IR, GC, AND HPLC CHROMATOGRAMS OF USED OIL LOTS RECEIVED
LATER IN PROGRAM TO DEVELOP ADDITIONAL SCREENING METHODS J

228

"*_'*._'TEW'T’.'*(. A




.

P——

5
\ .—‘«1«-1.;-- . m -

P AR IN . P .
L B 2R C AT —l.n.l.\- s S A Li.‘.

‘paATadal1 se [To pasn Jo swexbojeworyd pInbIT souewrojiad ybtH -T-r 2Inb14

50-28-0 v0-28-0

-
[N
- \ad A
> o
B - ' N 7]
- hd N - © N In L
- 9
o » & > 4 4 o
~ - v
@ v d
1 o
lo
w ~
- < -
® ! w »
- 2 -
- .3

229

A_.‘___IAL.-»A:.L._.L._&‘-& PP |

‘e aa s =

MESL WL LY WV

P

a ' m r Y

-

Lo

Aalalefi;m®a®as

a

.
i




|
x
|
\
ad

. [
) ]
4
r
) 4
P3AT3091 se TT10 pasn jo suwerbojewoiays prnbry soueus.rad YybtH ~-zZ-r aTnh-4 4
, 4
}
. L0-Z8-0 90-~28-0 s
.A L
. 3
i L
) v u( 4 4
.. e . ¢
; . o -
: . - ® _
V. o -

230

4
L
4
va
9 @®
@®
. »
r
- < e ® =~
L » " o [ 3=
. 2 s [T Y 1
w 1
g 4
y
.
F.. C e e
. _@...\......:. : “ PR A .-
r e L R LA e Y e v
BRRIN Y KNS o MR ALY,




-

-

W

——y T TR YL YT

T P
L N . T
AW I W PRSP

-paaT2031 se (10 pasn jo

60-28-0

-
w : 9».

66
8t

sure xbojrwoayd pinb1y

souewzojiad ybTH

80-28-0

-g-r 21nb14

231

P U

PR

= ol tmatonedhind st




"P2ATI9091 se TTO pasn JO sweabojewoayo ptnbry sourwrojaad Yyb iy  p-r sanbrg

1T-28-0 01 .»-0

"~ ! . .
- . A s -
Y™ s
a ' 1
1 L on
»
e Ia o
wn L] ~
-
n
'
>
0o
w
- & 4
i ! N T
T . . a
m o

- .o Dl e s - -
.o e . .
o hm Sy @ U @
4 a8 4 2 a S B I 0" RV R NN « a0t

232

Ay

P A

K Sy SO e




P S e S A

‘paATa231 se 10 pasn jo sueibojeworyd pinbry souewroyrad ybtH G- 3Inb1d

Z1-28-0 4

T
el
P U P T R T - . . O

-1

233

e
26

21 et
4
) N T Y U

- v

-
P N R N T S

. .,-L\.N.PF PP+ N I.iﬁifi-,yl.ruulh.i.}.LEIPrVF\E




-

& and

-spInT3 otrnexpAy g pue ydC 3O O1dH "9-F ainb1yg

IAYAN:] 909¢ vdr

Y . | . .
~. = - b .
e T : . g
. » >
’ ton !
4 !
4 . X
* Ly
5 .
L
b
<
> on
(@V]
[
L -
3
v N
s
g
i
o
_ _
| »
.
[ “w
]
N

IR, ' . -
IR 0.5 EPUATETN v SOVLES VIR

PPUD AP

-

PRUPV R Y




R

Vo et

;
b

WA IC I8 By Y OME

o

-

e e

[P
-
.

1 |
' .
ORI
o

cp—

! Lo
™
waveama Cn

0-82-04

"o

v A
e e g

Sa i ot

Poe oo
[SU -

I

235

" sveanem ('

S

WA o O

0-82-05
0-82-06

Infrared spectrum of used oils.

——— o -
Sl ar el Al o ol o

-7.

Figure J

Beckman
~—r
Rl Lo o eTlel Mol




v
s ]

.-

——

Dl o qutnd S0 Al
N d

3

.

.

o benimia

[k ]

0-82-07

4. wave ¢ In B
= . el . . "o . .
. W e w
P~ .
- -
2 [oes —
o _
N i
- : ;
- . : :
L - - ¢ :
[ — N i
- . e T

- ] e e -, —+
| . At .;_.5 o [ PG P S
oo T
Beckman’ e , T ‘{L . —r — )
e sy e e - g A I U S [ S,
,L " ST S I Tﬁ‘g I R e I i o
VA OO 1T oo 3000 2000 00 1800 e ‘roc .

—— v > A . wAYBRE Ca* e s 0. R PO v 2 — -

0-82-08

WA I BSOS
sy

I oo . L N T S A PR P
o L _ o
Ve _
-
o _
4
e __ - 3
- - i
[P v g
S - F
o o _ S
y T - p
3 - -
iBockmnn‘l
| e <
P Y, )
b .
b s
-
[ 0-82-09
.

v
-

Figure J-8. Infrared spectrum of used oils.

¢ R

2 236




y
]
4 L e o g 5 3 '
. “E[7] ATPITE _
! 2ET O : 1 3 e .
[ o I Hs . = m
I BT —1 T u . - . 1..11 - .
) EH ) iw; RERER Y ] W_ o i
! NERNER : ﬁw_ o ] M.Jm Y ‘F* S “
4 14 - - 3 vy B
n. TT «TWQ _ _ Jrrw;\, ] WLW i - 1
. . ; + W.ﬁl.wv, M n M.%‘+L,_ uT‘; Aﬁ(ﬂw‘ﬂ (o} q
v e b IR 1 ] - L o 4
; R} LI ] .W_v 1 Hﬂ , r._ ! — u_ ,ql. R o .
w bl = idil. 1 T w- ..W...I.NVL.MIIH “ p
! e T RESESY
b n sl iiL.WHH:.w AR il w [
L I G U ;Hm.f.uj b ST o
= I SN e il T

,_,. | e, ey g
: B PO R fohr 5
' I o b rEr T »L.n.friu o o ~

-k ~Ft = f——f3 . - + b
W . m m ) m.. - b SaRNe A+ g . ' m.. ~ 1 a B

el 8 ' N TR LS L 5 R N -Anll._IrIl N /2]
] 4 R HeH ~L: I A ow — @ - g
" ps © o n ldﬂlwt N_uwflilt [ o = - ; o v 1
). £ st . L — wm m R : »n L o .lA ; L_ .Il(%[ _| _ “ ..
. ik Ty ] et E TR v .
; T gignLl I 1 - 4
, s : AN woa AT | 5
R o 4 R e 1] nu 4+ RIB [ U h
‘v . - . i < 7.._11 ] ! HI..:‘IVLI‘ LIS S il IR N ]
MA EiSmS i ﬁ ' S R S U EL Fa00 S =S on I . .A
,,_. L3} id] i l#r‘*x - 111»}%“ M _\Tl_v“. .1 . -, ﬁ.”.iw: w#ulum i I'T it t 3 _ “ nﬂo u

f A B B s S -+ = i ATt
ﬂ, SRR, B R ER RS FA RS Ea b R B o sy | A .L
w. S8 8 8 ® i 3 2 2 e e e | 8 ¢ 8 ¢ 3 2 9§ 2 R e [
”v. . B T . f . . OB 0 o “
! “ el - €], LIV t:: &
. _ Pig i _ : b |
. POt L,___W_w_m“... ._ E |y |1 Q L] ._ e ]
, s TRERRNIE: = |3 . AREERE
P g L m._ i TR TR .
. SERUIT R S R ARNH] £i! i@ mn TR A AN “
I
r. .
; 4
. )
¢




o
[y

e

!

| Bockmnn"

o aner
" RO aitE

s _ -
Nemms -
B -

[ T T PR

.. Wamay =

Figure J-10.

[ S TRReRTR-

P i T SR SR PR S P

Cr edee g PRI s

e i T

5606

WaAvEItL .. P g BB

. s . o ' I - o oy g . o o
Vo . TOTET T e T T Y 0 p e sy

e e e ———— e % — s

Infrared spectrum of JP4 and 2 hydraulic

238

hmdndodobdbded otnd oo o nle o n o o u . . s .

o
——
. .

fluids.




]

“3,0GE-08T SUOTIITPUOD DO !{PIATID21 sSe STTO pasn Jo swerbojeworyd sep “TI-C aanbtyg

TR T TR RO e T

50-28-0 $0-28-0

T
.
.
3
E
.

M . ! i ! i , wJ?)\.(j.‘}\llaJ\!ll,.llfv//a W—,
ﬁ. ééésj.,%jjzj Jﬁl_e.;;,z-wi | N R A
P e . 0 . , g By : _ i
w.. , ;o __ Co o L_ i | | J_ HE
R T T DS L : _ oy
ﬁ. ! | i R d b _: S ! “ il ' t’
; e _ . ,_._:.cmf . . g
s HOEEEE IR , ¥ ! RER
_ j R Y h S
! o _m. ! _ ;,; M,ﬂm o S B
ﬁ SR SERNARIE ] :
ﬁ : SR 1
! IS SN
S e
I i mA w,-.“
| 3 ?
Mrw
3
{




| — -
] "2,0G6€-081 SUOTITPUOD DD !PIATID3I Se S[10 pasn Jo swersbojpwoIiys sey -z21-r ainbtj
3 L0~-28-0 90-28-0
1 - . |
.. T }7)\.? C;_\, ,e;;?)\\l 4‘<\.|.|%I|\I\I\Jy‘/ - .
: SRR TRy .
¥ I * ‘ ,wﬁ. P ¢ ‘
b : ! s »
h ; : , : E
B b | 5
e i wm o H |
. v . , .
; ! ” A“ ) i . ,.A
»g ' .
! X .

/80 (Tacna) € BT T e IR vy

W Sln Oax cvieae (48] 9-

i6d 3 eren) OPL & paR WT IV 4r Ve

PR <)

240

foad o 2 a®

" .

—




*D,0GE-08T SUOTITPUOD D !PIATID3I Se SO pasn Jo swerbojewoIys sen

60-28-0 80-28-0

e S UM AR TN
g L o | L) ,._ _ *_ ,r Ji
RO R IR ER | L
) o 3 _ BB ol [ N S SR

) ;..?_ W ~ i oo ﬁ | Pl (A B i | il e A “_ | I . Sl
) IR

- __ b ! . A H 13 IR nM
N R RN
h Ry L | . B
, | | | P j _, ,oe2
_ o - | “ {:
m . .u -

__ ¢ | 3

"g1-r 21nbt1g

241




T

—~—v

L adiars B At

L el -adis SSui i S el

‘e

a

& » P

|

TV

iy

!

|
|
i

b
!
Al
I
)

(R
s
& _

|

b

I

AL M

1T1-28-0

Ann,
I

]

|

NV ls,,__.f?,)\ -~
.. ‘

-n B

"
\

\

e

P A

/l,'(n,[‘-u) PR NN a1 o1 o Sl

"0,0GE~uBl sUOTITPUOD 3D !paATaDal se

-~

S1TO pasn jo sweibojpwoiyd SeH

01-28-0

“pI-r 2Inbrg

-
A, (2 o W a ID )

2
K an wa

/N mImC Y

Ao Do Oy (a-8) 2

764 (3] acrmn) 0.0 -1
”»

242

e

wl




— e e e

*3,0SE-08T SUOTITPUOD J9 {PaATSID8I Se STIO pasn jo swexbojerwolrys sen ‘GI-r 2aInb1J

Z1-28-0

——y

R

v

-,

AR

e—y

A et el end Sadl ittt

243

y

Satate ialle  wialaites tet o feketeol ol et ki

ial

.
sl

“ -,
PPN WY PN ey




¥

ﬁ
"D,06€~08T UOTJTPUOD DD :STIO pasSn :
pa31da[9s JO ‘sa3elIT3ISIP 3JO sweibojewoIys sen 9I-f 3Inbrj L
90-28-0 $0-78-0 |
S0€9LZC £0€£9L2¢ “
. T b, q
v K
- . e ey T N TR 1
e ey - s A
_ . ') ' _, . /—
{
| _ | ¥ |
: . __. _ , t R
. } i | . . ' .
_ | ! E | R )
, i 4
v | _ 3 - .
ﬁ | ; w < 4
l : _.M. ; A N
) .Wm 1 /. !
¥ i :
3 { |
: 3 1
, _ < 1
ﬁ ¢ 3
g
:
|
ﬁ
»
’




5 .
3 !
?
ﬁ .Uoomm”low.ﬂ CO%#HUCOU o) umH._”O pasn
po9103[3sS JO ‘Sa3eIITIISIP JO sweibojewolIys seo -LI-L 2Inb1j
m
F.
“, 0T-6L-0 L0-28~0
] 61€9L22 862000¢C
3 .
P .
ﬁ \
MR A -
ﬁ w N m" |
” Vo) _,“ : ..._.”_w |
{ T ,H | ;,r __ w _ | y
ERAREEI B ,_
] C g & _ : % Ky
v-”. | (I __._”_ __ m _w _ ”. . [Te} M
“. o A . ¢ 3 .
ooy _ {
\ m D ' | ) * | |
1 SR |
' ' M, _ 4 _
/ |
. _ ,
f
p
g 5
3 L
v"
,
. -
v.._




ﬁ *3,06€-087 UOIZTPUOD DH :STTO pasn
pPailoa(as JO ‘saj3e[rIiIsSIp jo sweibojeworyo sen  “gI-r a1nbr g

. ¢1-28-0 11-28-0
. 0Z€9L22 81€9.22

)
'

.
] e

_ 3
X ! :
f i )
3 m_ ' A %
4 Sl I 4 oo
o il | 5
H % olll SRR
. 1y R i | m_* e
,, nm _.,.:. “A“ | | , M
‘ Ik O _ : : ve)
| M LICIREHE
. 1 | ! ' A X ; | _ i ! ; 3
. | s X N S IR )
g L) oy ¢ | ] _m ;M | WV m
| o 3 BN N T R
T _ w SR I e« o g
! ! S ﬁ\ “,. \ 1 ! _
| L W | ln(F
3 . W m»
{ N

—w—y-

Rl e o

e L
SR IR i

F.
.
o
4
{

....‘
s v . .
Qalase s ] RS, b1 IR S T SR PP

e

Lo - o i 2




b
3
)
L “sT10 pasn jo sajdwes snNOTIea JO sSwWelbojewolyd sed) “gl-f <oInbld
3 .
,, UTW/,Z€ ® 2,05€-0T2 .
s Uutw/J,% @ 20,002-00T1 utw/, b ® 2,012-001 _,
331eT[TI3ISIpP paaladal i
(v0-28-0) se m
€0e9LZ? v0~28-0
. ..
ﬁ - o
] | b i 1
Y ~ M Ty T ]
_ RN 3 B | | AL !
..u. m [ _ ro | i I o K | , , 4 <
R “ L o _ | N . b Mu“ ! A . R ~ 1
JIRREEEE R 4 b - -
L 3 L L o _ A
h b . m ' _ | :w.” , . e ! | _ , : _ % |
? 7_ b I't! “ s _ ., , | : | .
3 S | | ™ _, i | , [ : o j
P _ i ; i .m_'. | L _ ) “
R _ ¥ o , N
A o I o SRR |
ﬂ. Lo _; I ) | t ]
m- ' b b ) » A
3 ¢ ) )i L3
] 5 | § il | . ‘
& " )m e n 1
|~. % , u
4
ﬁ 4
b !
s .
{ ‘ .
IJ -
r tot- b - - Aada . H. - V.Hv 2 A Aas i ‘rklkl PO ».M nm o .\,-. RV -4 SV AP T PR | Lf




T ——

“s[YO0 pasn 3O we 1bojeWOIYD sEDH  T0Z-0 asinbrg

utw/D.Z€ © J,Gat =00

/ ® J,05€-00T1 utw/Deb ® D,004-001
utu/Job o -

——

T Y

Z21-¢8-0
20-6L-0
v e v
SRR . i
| , } ! i : A N
: , T - . X .
A _w ! | X
R TR T R Al
P D ! o Co . |3 ¢ g ,
m | Pt ,ﬁ o < © .
' «. “ , | _ 4, [ B
4 | , B | _ . : ﬁ
‘ P s i |
Lo o |
| A/ < # _ 1 I m
}
3

PR EPOTRTY

t

MIC o 2% ar Y SEe AN M

2 h.a

288 (/38 acrma}

248

Aea Sl g o

ot e - el

._1_“." .

_—

.

A

s Sead el

3

a2

at ol ol ol o

M ad e

A o




L

ﬁ. 1

-auexayo1oko jo uweirbojeworyd sen “TZ-C aanbtg M
]

utu/d.% ® Do0SE-00T
auexayo1o24D
" T _ _ ! * _ }

w | | k | | | s
{ ] _ ! ; : _ LR :
f e T " T _ ’ _

L IERERUERE )
| SRR |
. _ | | _ . : k

e b s
i S SR |
- _,_ ~ L | _ .“

R ) ! % S ]

_ - | K {

\ ) N M _ | vﬂy.

__ ' ._ I ] 4

) | w ” " | _ “ _.M! U

m , | _ | | A | _.u_ 1
DR C o w ]
s 4

R

R




f . ' r
[
\
|
m ‘$dr Tony 33 jo weibojeworyd sen "gZ-r ainbrd
b
|
b UTW/DoZE ® Jo,0S€-0T2 )
b utuw/Job ® Jo0TZ-00T UtW/Jot @ Do0SE-08T
“ vdr vdr
8
W. . . | .._.. ! Vet l_.___
,f ,” P T T T N
: S T
| { i . _ T !
ﬁ. . N oo ﬁ Q PR + a ,v M
| s JERT n
: | w. 1 IO "
s 5 ,_“m.. % M 0 N /.n
. d.,_w N _ Ap.
M. i P ! M i
8 : _ §
_f ” T :
E ' w . 4, w %
: | m_ _ | o
: _ ! H
b _ HA h ] ..‘n;
R 3
S 3

]
!
'
g
’
'
.

250

i

m




P .L
L

” ”L
4

-909G PINT3I OT1TneipAy Jo weibojeworys ses ‘gZ-r 3Inbrj ]

4

¥

utu/d.% @ 20o05%-00T utu/Do% ® J,0S€-08T1 E

9099 9099 ]

]

- *, ,, -.m

b , m
1 b | J .
A ' ) \ 4 4
, | : | _ R 1
1 } : ; _ , . \ < p
W i ' “ | .m 4
. “L.“ . A | m H i * 4
' N A 4 & _ N .
X P _ _ y b mm _ X “ “
: TSN ﬂ R 1 . ~
] t [ 4
_. SR * % m |
. ! | g :
_ & ]
ﬂ - w .
| { |3 .
_.& Mr L. l/o.hr
m 3
v
Y

LA B ea cpe Sin S Jadt e e et

et ool i o

! SV R LT T,
. A RN RV
oy PO BSOS P VTSI Ne I B 4




. f. -. .-
adat .’._rul

'
|
1
'

o,
PN

-z8Z€8 PINTI OITneipAy jo weibojewolys ses “HZ-r aInbtg

utw/J.by ® J,08€~00T utw/Job ® J,05€-081
Z82¢8 Z8z¢s8

. T ! Iq}/\..\\\l ﬁ
. e T R
\ . : : _ .__W, 3 ‘ . .W__ ,
SIERERRRNRFE 00 (R L IR
e i IR PR S
- it W_M _ .'n | ‘ﬂ__
P! A _._ \.. m ud _N.MW
AR R s RS Ji o
S T _ bl I o IR ~
, u_ Yo _ _ ___ ._,_.4 [ ,_
L _ nee S ! BRI -
| . ! M i ; % _m
' u X |~
| m I
_ 2 3
| i 3

s .

759-062/580

U.S.Government Printing Oftice: 1983




SIRTEF Ry W SOV~




